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HUMANS 


Chlorinated Hydrocarbon Pesticides in Blood of Newborn Babies in India 


Mohammed K.J. Siddiqui,’ Mukesh C. Saxena,' Ajeet K. Bhargava,’ Coimbatore R. Krishna Murti,’ and D. Kutty? 


ABSTRACT 


Umbilical cord blood collected during labor of 100 Indian 
women was analyzed for organochlorine pesticides by 
gas-liquid chromatography with electron-capture detection. 
Significant levels of p,p'-DDT and its metabolites, p,p'-TDE 
and p,p'-DDE, as well as a-, B-, and y-isomers of BHC were 
estimated. Residues in the neonatal blood were related to age, 
dietetic habits, and area of residence of the mothers. The 
study highlights the extent of placental transfer of the body 
burden of toxic chemicals from the mother to the fetus. 


Introduction 


In recent years, man has become more conscious of the 
way in which the environment is polluted by chemicals 
that harm plants, animals, and humans. Organochlorine 
pesticides have been a major cause of concern to 
ecologists, not only because they persist so long in the 
environment (//, /4) but also because of the readiness 
with which they accumulate in the human body. Their 
tendency to accumulate in fatty tissues (3), because of 
their lipophilic nature and resistance to biodegradation 
(2), has caused significant residue burdens in adipose 
tissues (8), blood (/, 4), and even human milk (7, /0, 
13, 18). 


These toxic agrichemicals have access to the growing 
fetus through placental tissue (5, 12, 15). Stillborn 
infants have been determined to be contaminated with 
such compounds (6). Earlier studies have also drawn 
attention to the presence of organochlorine pesticides in 
the cord blood of the fetus (/6, 17). 


Persistent organochlorine pesticides like DDT, which 
have been banned in other countries, are still commonly 
used in India in agriculture and malaria eradication 
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programs. Therefore, it was considered worthwhile to 
assess organochlorine residues in neonatal blood in 
India. The present report also relates the extent of 
placental transfer of these compounds from mother to 
child according to age, dietetic habits (vegetarian/ 
nonvegetarian), and area of residence (rural/urban). 


Materials and Methods 


A total of 100 pregnant women were studied. The 
women were admitted to Queen Mary’s Hospital, 
associated with the Department of Obstetrics and 
Gynaecology, King George’s Medical College, Luck- 
now, capital of the most populous state in India. None 
of the women, on inquiry, reported any accidental or 
occupational exposure to any of the pesticides studied. 
None of the women suffered from any serious diseases 
except mild hypertension. Umbilical cord blood of 
these subjects was collected in heparinized vials during 
labor and stored at 10°C until the analysis was carried 
out, generally within 48 hours. 


A 1-ml aliquot of blood was mixed with 5 ml formic 
acid and 2 ml n-hexane in a 25-ml conical flask. 
Contents were shaken | hour at 37°C in a mechanical 
shaker, and centrifuged 10 minutes at 2,000 rpm in a 
refrigerated centrifuge. Losses due to evaporation were 
made up by weighing the container before and after 
shaking. The upper layer (hexane) was recovered by 
disposable suction pipet. The extracted samples were 
further cleaned up according to the method of Dale et 
al. (9) as follows: 


The hexane extract plus 1 ml distilled water in a clean 
test tube were kept in a liquid air—-methanol bath to 
remove traces of formic acid. The unfrozen hexane 
phase was further treated with 1 ml fuming H,SO, 
(three times) to remove the fat. Recoveries through this 
cleanup procedure were greater than 84% for all 
pesticides in the fortified samples, except lindane, 


77 





which was recovered at about 79%. The cleaned 
samples in hexane were analyzed for organochlorine 
pesticides on a Varian Aerograph Series 2400 gas-liquid 
chromatograph, equipped with an _ electron-capture 
detector ((H). The operating conditions of the instru- 
ment were as follows: 


Carrier gas purified nitrogen (99.9%) passed through silica gel 
and molecular sieve to remove moisture and oxygen, 
respectively 

Gas pressure 65 psi 

Flow rate: 45 ml/min 

Temperatures, °C injector 190 

colmun 180 

detector 200 

4x 10-° 

10-” pamp 

glass spiral column, 6 ftx'%-in. ID, packed with 
1.5% OV-17+1.95% OV-210 on 80-100-mesh Gas- 
Chrom Q 

4-8 pl 


Attenuation: 
Current 
Column 


Sample size: 


Pesticide standards were obtained from PolyScience 
Corp., Niles, Illinois. Compounds were quantitated by 
comparing the peak area of detected pesticides in the 
samples with those of known pesticide standards. The 
presence of detected residues was further confirmed by 
thin-layer chromatography. 


Results and Discussion 


Levels of organochlorine pesticides estimated in the 
neonatal blood are summarized in Tables 1-3. 


The results of random sampling grouped on the basis of 
age (Table 1), dietetic habits (Table 2), and area of 
residence (Table 3) of the mother have been computed. 
Residues of total BHC (45.79 ppb) were highest in the 
neonatal blood from mothers 26-34 years old compared 
with 32.97 ppb observed in 18—25-year old mothers, 
i.e., residues were about 39% higher for the upper age 
group. Likewise, significant difference was observed in 
the levels of lindane between the two age groups 
(P<0.05). There was no variation in the concentration 
of total DDT ({DDT) residues in the two age groups. 
However, concentrations of p,p’-DDT, the parent 
compound, were about three times greater in the 
26-34-year old group compared with those in the 
18—25-year old mothers (P<0.005). Relatively higher 
concentrations of DDT metabolites (DDE, 23.1 ppb; 
TDE, 8.01 ppb) were detected in the neonates 
associated with the older women compared with the 
younger age group (DDE, 12.33 ppb; TDE, 5.84 ppb). 


Differences in the levels of total BHC and its isomers in 
neonatal blood on the basis of vegetarian vs. nonvegeta- 
rian diets of the mother were not significant: Cord blood 
associated with vegetarian mothers contained 38.3 ppb 
BHC compared with 35.64 ppb BHC for nonvegetarian 
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mothers. Cord blood associated with vegetarian mothers 
contained 62.22 ppb total DDT compared with 50.07 
ppb total DDT in cord blood associated with nonvegeta- 
rian mothers. BHC (47.38 ppb) was detected in the 
blood of newborns of mothers residing in urban areas 
compared with 27.06 ppb in that of neonates of rural 
mothers (P<0.05). A statistically significant difference 
(P<0.05) was also observed in the levels of lindane 
(y-BHC) between the two residential groups. There was 
no significant difference in total DDT residues by area 
of residence, but a slightly higher concentration of DDE 
was estimated in urban subjects, i.e., 22.81 ppb vs. 
15.48 ppb in rural subjects. The relatively higher levels 


TABLE 1. Organochlorine pesticides detected (ppb) in cord 
blood collected at term from 100 pregnant women, by age 
group 





WOMEN 18-25 YEARS OLD 
(58 CASES) 


WOMEN 26-34 YEARS OLD 
(42 CASES) 





ARITHMETIC 
RANGE MEAN 


PESTICIDES 
DETECTED 


ARITHMETIC 
RANGE MEAN 





Total BHC 6.9-278.3 32.97 
Lindane* 1.60-78.69 10.27 
p.p'-DDE 2.16-144.37 12.33 
p.p'-TDE ND48.21 5.84 
p.p'-DDT* 1.43-49.21 7.30 
=DDT' 7.79-1029.85 49.55 


4.20-104.92 45.79 
3.10-27.98 14.99 
2.05-78.14 23.10 
ND-48.21 8.01 
ND-57.52 22.13 
4.59-149.62 51.18 





* Statistically significant (P<0.05 and 0.005, respectively) 
' ZDDT = total DDT equivalent 


TABLE 2. Organochlorine pesticides detected (ppb) in cord 
blood collected at term from 100 pregnant women, by 
dietetic habit 





VEGETARIAN DIET (36 CASES) - NONVEGETARIAN DIET (64 CASES) 





PESTICIDES 
DETECTED 


Total BHC 6.9-278.43 38.3 7.29 4.18-104.92 35.64 3.13 
Lindane 2. 1-78.68 12.47 1.8-29.81 11.41 1.10 
p.p'-DDE 8-850.00 35.33 2 1.9 + 150.00 20.53 4.39 
p.p'-TDE ND~-48.21 6.55 5S 0.89-32.09 8.49 1.80 
p.p'-DDT ND-S55.56 14.89 1.78-140.00 17.08 3.55 
DDT 4.03-1029.85 62.22 2.73-240.41 50.07 7.78 


ARITHMETIC 
RANGE MEAN SE 


ARITHMETIC 
RANGE MEAN SE 








TABLE 3. Organochlorine pesticides detected (ppb) in cord 
blood collected at term from 100 pregnant women, by area 
of residence 





URBAN POPULATION (48 CASES) RURAL POPULATION (52 CASES) 





PESTICIDES 
DETECTED 


ARITHMETIC 
RANGE MEAN SE 


ARITHMETIC 
RANGE MEAN SE 





Total BHC* 2.0-507.84 47.38 13.87 
Lindane* 1.28-175.73 16.94 0.72 
p.p'-DDE _1.02-257.50 22.81 7.05 
p.p'-TDE ND-48.21 7.33 3.88 
p.p'sDDT 0.5-50.23 13.71 2.19 
> DDT 2.73-338.43 41.60 10.88 


3.0-76.97 27.06 2.31 
1.8-33.43 8.88 1.63 
2.2-144.37 15.48 4.38 
ND-32.09 6.25 1.43 
ND-140.00 17.08 4.43 
7.14-222.11 40.65 8.98 





* Statistically significant (P<0.05 and 0.05, respectively) 
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of DDE compared with DDT suggest that mothers were 
exposed either to DDE or to long-term low levels of 
DDT, presumably the latter. 


Because histories revealed no accidental or occupational 
exposure to any of the detected pesticides, subjects 
were exposed through the food chain and the environ- 
ment. Placental transfer is undoubtedly responsible for 
the presence of these toxicants in newborn babies. A 
possible route of entry has been traced in Figure 1. 
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AIR POLLUTION 
a INHALATION \ 
4 y i, 


of LUNG N FOOD CHAIN 
| CONTAMINAT 


DERMAL Pa ‘ 


ENTRY ae STOMACH 


ee 

MATERNAL CIRCULATION 
> 

PLACENTA 


. 
CORD BLOOD 


FIGURE 1. Possible route of entry for pesticides into 
developing embryo. 


Relatively higher concentrations of BHC in neonatal 
blood associated with mothers in the older age group 
may be the result of comparatively longer periods of 
exposure to this food and environmental contaminant. It 
would be advisable for pregnant women to avoid areas 
where pesticides are sprayed and to decrease consump- 
tion of fatty foodstuffs. 
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Organochlorine Insecticide Residues in Soil and Earthworms in the Delhi Area, India, 
August—October, 1974 


Dharam Vir Yadav,' Pradeep K. Mittal.” Hari C 


ABSTRACT 


DDT residues in soil and earthworms from 50 sites in Delhi 
were monitored. DDT was detected in all but two samples 
each of soil and earthworms. Among DDT residues, 
p.p'-DDE was most common and was found in 48 samples 
each of soil and earthworms; p,p'-DDT was detected in only 
43 soil samples and 46 earthworm samples. p,p'-TDE and 
0,p -DDT were also present in smaller concentrations in 29 
and 15 soil samples and in 43 and 25 earthworm samples, 
respectively. Maximum total DDT concentration of 2.6 ppm 
was detected in the soil from Durga Nagar in the vicinity of a 
DDT factory. The highest concentration of 37.7 ppm total 
DDT in earthworms was also obtained from the same site. 
The maximum concentration factor found in the earthworms 
was 551. The total DDT concentration in the earthworms and 
soil showed significant correlation. 


Introduction 


Large-scale use of organochlorine insecticides, espe- 
cially DDT, by agricultural and health agencies has 
resulted in global contamination of the ecosystem (/0, 
24). Because of its lipophilic tendency, coupled with its 
stability and persistence, DDT in the environment 
accumulates in nontarget organisms (/0). DDT residues 
in soil are known to be concentrated by earthworms. 
Levels of DDT residues in soil and earthworms in a 
given area indicate the extent of environmental con- 
tamination over a period of time. 


DDT has been used extensively in the Delhi area for 
agricultural and mosquito control, and so this study was 
undertaken to assess the extent of DDT pollution. In 
addition, a DDT factory in Delhi might be contributing 


R.M. College, Department of Zoology, Delhi-1 10007, India 
University of Delhi, Department of Zoology, Delhi-1 10007, India 


Agarwal, and M. K. Krishna Pillai 


to the.environmental contamination of the surrounding 
areas. 


Materials and Methods 


Soil samples and earthworms were collected from 50 
different sites in Delhi (Figure 1) from August to 
October 1974. The earthworms were of the one species 
available in the area, Pheretima posthuma (L. Vaill). 
Samples were dug from the upper 15 cm of soil, placed 
in polyethylene bags, and transported to the laboratory 
within 6 hours. In the laboratory, the living earthworms 
were removed from the soil, washed with water, and 
stored in a freezer. The soil was air-dried and mixed 
thoroughly, and at least three samples of 10 g each were 
stored in a freezer. Physical and chemical properties of 
the soil were not studied. 


Earthworms from each site were pooled to obtain a 
sample weight of about 10 g. Pooled samples were 
accurately weighed, and insecticide residues were 
extracted by homogenizing the pooled samples with 
four times their weight of anhydrous sodium sulfate in 
acetone—hexane (1 + 1). The mixture was stirred for 1 
hour and filtered. The residue was extracted three times 
more with acetone—-hexane (1 + 1). The total volume 
of solvents used was 100 ml. The soil samples were 
moistened, mixed with equal weights of anhydrous 
sodium sulfate, and ground with a mortar and pestle. 
Samples were mixed with acetone—hexane (59 + 41), 
shaken for 1% hours, and filtered. The residue was 
extracted three times more. The total volume of 
solvents used was 100 ml. The extract (earthworms or 
soil) was washed with 100 ml of 2% sodium sulfate, 
and the hexane layer was filtered through anhydrous 
sodium sulfate. The extract was then concentrated by 
flash evaporation and cleaned on an alumina column as 
described by Holden and Marsden (/4). The cleaned 
sample was analyzed by gas-liquid chromatography 
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FIGURE 1. Areas sampled for DDT residues in soil and 
earthworms in Delhi. 


(GLC). Instrument parameters and operating conditions 
were as follows: 


Gas-liquid chromatograph: Hewlett Packard Model 7300 series 

Detector: electron-capture 

Column: coiled glass, 2m x 4 mm ID packed with 1.5% 
SP 2250/1.95% SP 2401 on 100—120-mesh Supel- 
con AW-DMCS 

detector 200 

injector 200 

column 190 

nitrogen flowing at 70 ml/min 


Temperatures, °C: 


Carrier gas: 


Peaks were identified by comparing relative retention 
times with those of standards. Identifications were 
confirmed by GLC on another column packed with 6% 
silicone DC-11 on 80—-100-mesh Chromosorb W-AW 
and 5% DEGS on 100-120-mesh Gas-Chrom Q. 
p,p'-DDT, p,p'-TDE, and o,p'-DDT were confirmed 


VoL. 15, No. 2, SEPTEMBER 1981 


by dehydrochlorination (9). Peaks for p,p'-DDE and 
DDMU were confirmed if they coincided with the 
dehydrochlorinated products from p,p’-DDT and p,p’- 
TDE. Further confirmation was performed by thin-layer 
chromatography of the pooled extract. Solvent systems 
used were heptane—acetone (98 + 2) and hexane— 
chloroform (90 + 10). The spots corresponding to the 
position of standards were scraped, extracted, and 
analyzed by GLC. 


Recovery of DDE, TDE, p,p’-DDT, and o,p'-DDT 
from spiked soil samples was 89.7%, 88.5%, 96.1%, 
and 91.8%; recovery was 93.6%, 93.9%, 97.8%, and 
83.7% from spiked earthworms. However, data pre- 
sented have not been corrected for recoveries. The 
detection limit of the method under the conditions used 
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was about 0.1 ng for DDE, TDE, p,p’-DDT, and 
o,p'-DDT. 


Results and Discussion 


The areas from which samples were collected and the 
range of DDT and its metabolites found are given in 
Figure 1. The levels of organochlorine residues in soil 
and earthworms, and the locations where they were 
found, are presented in Tables | and 2. Organochlorine 
insecticide residues detected in soil and earthworms 
were predominantly DDT and its metabolites. Tipathi 
(19) reported DDT in 120 of 138 samples analyzed 
from Tarai area in Uttar Pradesh, India. In the present 
study, residues in soil ranged from about 0.01 to 2.61 
ppm; the highest concentration was found at Durga 
Nagar (Area 17), where the DDT factory is located. 


Other areas, such as Inderlok (Area 31), I.A.R.I. (Area 
48b), and R.K. Puram (Area 36), also had appreciably 
higher concentrations of total DDT residues. Concentra- 
tions of DDT residues were below detection limits at two 
sites, Wazirabad pumping station (Area 47) and Vivek 
Vihar (Area 24). Total DDT concentration as high as 
29.45 ppm in agricultural soils (7) and 388.16 ppm in 
urban soils (5) has been reported in the United States. 
Lang et al. (/5) found a maximum of 13.93 ppm total 
DDT from a survey of six U.S. Air Force Bases. The 
occurrence of DDT residues in Delhi soils might be 
predominantly attributed to volatilization and subse- 
quent dispersal of DDT in the vicinity of the factory; 
DDT has been shown to volatilize into the atmosphere 
(21), from which it ultimately reaches the surface soils. 
In addition to the dispersal from the DDT factory, 
large-scale use of DDT in the control of malaria might 
have resulted in widespread contamination of Delhi 
soils. DDT residues in soils are highly stable and persist 
for a long time (22). However, Agnihotri et al. (2) 
reported up to 95% loss of DDT in 6 months from 
agricultural soils under tropical conditions. Therefore, 
the comparatively lesser concentration of DDT in Delhi 
soils might be due to their loss under the tropical 
environment. 


In earthworms, the concentration of total DDT residues 
varied from 0.1 ppm to 37.74 ppm, with a maximum 
concentration factor of 551 (Tables 1 and 2). The 
highest concentration of DDT was detected in samples 
from Durga Nagar, where DDT concentration in the soil 
was also highest. However, the concentration factor, 
which was obtained by dividing the concentration of 
DDT in the earthworms by the concentration in the soil, 
was only 14.5 at Durga Nagar, compared with 551 at 
one site I.A.R.I. (Area 48a). Barker (3) reported total 
DDT as high as 680 ppm in Lumbricus rubellus and 492 
ppm in Helodrilus zeteki, compared with 37.7 ppm 
DDT in P. posthuma in the present investigation. There 
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TABLE 1. Concentration (range in ppm) of DDT and its 
metabolites in soil and earthworms collected from different 
areas in Delhi during 1974 





SAMPLE TYPE p.p'-DDE o,p'-DDT p,p'-TDE p,p'-DDT Tota DDT 
Soil 0.01-0.81 0.01-0.27 0.01-0.60 0.01-1.20 0.01-2.61 
(48) (15) (29) (43) (48) 





0.02-9.78 0.02-3.89 0.01-8.69 0.03-20.60 0.10-37.74 
(48) (25) (43) (46) (48) 


Earthworms 





NOTE: Fifty samples each of soil and earthworms were analyzed. Numbers in 
parentheses indicate number of samples with positive detection 


are several other reports showing the concentration of 
DDT residues in earthworms (/2, 1/3, 23). Total DDT 
concentration in earthworms and soil from the same 
area showed significant correlation (r=0.7925; 
P<0.01). Similarly, Gish (/3) observed a_ linear 
relationship between pesticide residues in earthworms 
and soil. Edwards and Thompson (/2) obtained 
significant correlation between residues in earthworms 
and soil from data collected by different workers. 
However, Wheatley and Hardman (23) found that DDT 
residues in earthworms and soil were not related 
linearly. 


DDT in soil and earthworms was comprised mainly of 
p,p'-DDT and its metabolites p,p’-DDE and p,p'-TDE. 
In certain samples, o,p'-DDT was also detected, in 
addition to p,p'-DDT and its metabolites (Tables 1 and 
2). These are commonly reported DDT components in 
soils (4, 17, 18). Carey et al. (6-8) reported 0,p’-DDE 
and o,p'-TDE residues in addition to these commonly 
occurring metabolites. DDT in soils undergoes trans- 
formation in the presence of various physical, chemical, 
and biological factors and degrades to DDE, the 
terminal residue of DDT (/6). TDE is also formed in 
the soil, mainly a result of microbial degradation (20). 


The occurrence of DDT metabolites in earthworms may 
be due either to their direct uptake from soil or to 
metabolism of DDT by the earthworms (/, //, 25). The 
proportions of DDT metabolites (DDE and TDE) in 
relation to unchanged DDT showed large variations in 
different soil and earthworm samples. However, a 
majority of these samples contained higher concentra- 
tions of p,p'-DDT than its metabolites, suggesting that 
p,p'-DDT was being transferred quite frequently to 
these soils. The higher proportions of DDE and TDE in 
certain samples may be due to the faster degradation of 
p.p'-DDT in soil in those particular areas; DDT 
degradation depends on various environmental factors. 
Ware et al. (2/7) showed a shift in DDE:DDT ratio from 
56:44 to 62:38 after 3 years in Arizona soils. The 
variable proportions of DDT metabolites in relation to 
unchanged DDT in the earthworms might have been 
due to variations in the duration of exposure to the 
insecticide and its concentration in the soils. 
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TABLE 2. Concentration (in ppm) of DDT and its metabolites in soil(S) and earthworms(E) from different areas in Delhi 
during 1974 





AREAS o,p'-DDT p.p'-DDT TotaL DDT  CONCN FACTOR 
. Old Jamuna Bridge 0.01 0.21 0.30 
Kashmere Gate — 1.02 1.35 4.5 
. Raj Ghat — 0.01 0.08 
0.81 1.14 14.3 
0.08 0.09 
0.76 1.23 13.7 
0.02 0.07 
2.41 4.17 
0.02 0.10 
0.07 0.10 
0.05 0.19 
0.14 0.27 
0.01 0.06 
0.14 0.18 
0.04 0.10 
0.65 1.66 
0.04 0.23 
0.06 0.11 
— 0.55 
— 0.90 
0.38 
2.45 
0.15 
3.84 
0.08 
2.29 
0.26 
0.47 
0.06 
0.37 
0.09 
1.85 
2.61 
37.74 
0.02 
0.35 
0.02 
1.19 
0.13 
1.96 
0.22 
0.63 
0.05 
0.33 
0.44 
0.59 





. Lajpat Nagar 

. Wazirpur 

. Azadpur 

. South Extn. Pt.-II 

. Kalindi Colony 

. Safdarjang Enclave 

. Timarpur 

. Naraina 

. Delhi Airport 

. Kataria Nursury 
Nizamuddin 

. Palam Road 

. Roshanara Garden 

. Delhi Zoo 

. Punjabi Bagh 

. Durga Nagar 

. Kalkaji 

. Greater Kailash 

. Govind Puri 

. Jamia Nagar 

. Okhla 

. Navin Shahdara 


. Vivek Vihar 


. Central 
Secretariat 

. Geeta Colony 
22.1 
. Theel 
28.7 
. Tilak Nagar 
11.8 
. Moti Nagar 
302 
. Shanti Nagar 


S 
E 
S 
E 
S 
E 
S 
E 
Ss 
E 
Ny 
E 
S 
E 
S 
E 
Ss 
E 
S 
E 
S 
E 
S 
E 
S 
E 
Ss 
E 
S 
E 
Ss 
E 
S 
E 
Ss 
E 
S 
E 
S 
E 
S 
E 
S 
E 
Ss 
E 
S 
E 
Ss 
E 
Ss 
E 
S 
E 
S 
E 
S 
E 
Ss 
E 
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TABLE 2. (cont'd). 
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48 


48(a) Indian Agric. Research 


48(b) Indian Agric. Research 


Inderlok 


Budha Memorial Park 


Pusa Chowk Karol Bagh 


Pahar Ganj 


Ajmal Khan Park 


R.K. Puram 


Dhaula Kuan 


Wazirabad 


Nirankari Colony 


Radio Colony 


Subhadra Colony 


Karam Pura 


Bharat Nagar 


Raja Garden 


Daya Basti 

Delhi University 
Wazirabad Pumping 
Station 

Indien Agric. Research 


Inst 


Inst 


S 
E 
S 
E 
E 
S 
E 
S 
E 
S 
E 


Inst 
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Organochlorine Insecticide Concentrations in Fish of the Des Moines River, lowa, 1977-78! 


Ross V. Bulkley,’ Siu-Yin Theresa Leung,’ and John J. Richard * 


ABSTRACT 


Organochlorine insecticides were measured in fish of the Des 
Moines River, lowa, in 1977 and 1978 to determine whether 
concentrations exceeded allowable levels and to compare 
differences among species. Significant differences in mean 
concentrations of dieldrin, XDDT, and heptachlor epoxide in 
whole-body samples of seven species of fish, Dorosoma 
cepedianum, Carpiodes carpio, Cyprinus carpio, Ictalurus 
punctatus, Pomoxis annularis, Micropterus salmoides, Sti- 
zostedion vitreum, could not be adequately explained by body 
size, position of species in the food chain, or percent body fat. 


Introduction 


The use of organochlorine insecticides on midwestern 
farmland to control agricultural insects has caused 
widespread contamination of fish in streams and rivers. 
Dieldrin residues in catfish (/ctalurus) and buffalo fish 
(Ictiobus) caused closure of certain commercial fisheries 
in lowa during the 1970’s and generated considerable 
public concern (2, 3, 4, 9, 10, 14). Several years after 
DDT, aldrin, dieldrin, and other insecticides were 
removed from the market, these chemicals or their 
breakdown products were still present in water, 
sediment, and fish of the Des Moines River and at least 
dieldrin was evidently still being washed into the river 
from farmland (//). Leung (//) examined pesticide 
concentrations in water, sediment, and seven species of 
fish collected from 1977 to 1978 in conjunction with the 
impoundment of water behind the newly constructed 
Saylorville Dam in central Iowa. She detected no 
noteworthy seasonal or spatial differences in concentra- 
tion of dieldrin, X2DDT, or heptachlor expoxide in 
whole-body analyses of Des Moines River fish. The 
portion of the study reported here concerns variation in 
insecticide residues in different species of fish. 


The Des Moines River rises in the glacial moraine area 


' This study was conducted as part of Project 2225 of the lowa Agriculture and 
Home Economics Experiment Station, Ames, lowa, in cooperation with the 
lowa Cooperative Fishery Research Unit, which is sponsored by the lowa 
State Conservation Commission, lowa State University, and the Fish and 
Wildlife Service, U.S. Department of the Interior 

? Utah Cooperative Fishery Research Unit, Logan, UT 84322 

* Minnesota Pollution Control Agency, Roseville, MN 55113 

* Iowa State University, Ames, IA 50011 
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of southwestern Minnesota and flows southeasterly 
across Iowa to the Mississippi. It is the largest river in 
Iowa. About 79% of the watershed upstream from Des 
Moines is.cropland (primarily corn and soybeans), 6% 
is permanent pasture, 5% is forest, and 7% is urban (7). 
Normal annual precipitation over the drainage area 
ranges from 62.5 to 77.5 cm from north to south and 
averages 70.7 cm (19). The major source of pollution in 
the river is nonpoint agricultural runoff (8). 


Sampling and Analysis 


SAMPLE COLLECTION AND PREPARATION 


Three collection sites were established on the Des 
Moines River in central lowa. The drainage area totals 
about 14,530 km’ above Station | at Boone, 15,081 km’ 
above Station 2, and 15,128 km’ above Station 3 at 
Saylorville. Stream distance from Station | to Station 3 
is about 76 km. 


Fish samples were collected quarterly from October 
1977 to October 1978 with gill nets, hoop nets, and 
electrofishing gear. Species analyzed for pesticide 
residues were three forage fish, including gizzard shad 
(Dorosoma cepedianum), river carpsucker (Carpiodes 
carpio), and carp (Cyprinus carpio); and four piscivor- 
ous fish, including channel catfish (/ctalurus punc- 
tatus), white crappie (Pomoxis annularis), largemouth 
bass (Micropterus salmoides), and walleye (Stizostedion 
vitreum). Each species was not always collected at 
every station during each quarter, but all species were 
collected at one or more stations each quarter. 
Specimens were grouped by collection data, location, 
species, and length. Authors attempted to collect small 
juveniles within a limited length range and to avoid 
large, old fish of each species. Individuals in the same 
group were ground together in a hand grinder and then 
mixed manually in an effort to obtain a homogenous 
mixture. Subsamples were then taken, wrapped in 
aluminum foil, and frozen until analysis. 


ANALYSIS 


The method of tissue analysis described in the Pesticide 
Analytical Manual of the U.S. Department of Health 
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and Human Services (J8) was used, with slight 
modification. After samples were thawed, a 25-30 g 
subsample was extracted with 200 ml of 65% acetonit- 
rile-water for 5 minutes in a 1-liter stainless steel 
blender. The samples were filtered and transferred to a 
1-liter separatory funnel; 100, ml petroleum ether, 600 
ml water, and 10 ml saturated aqueous sodium chloride 
were added. The pesticides were partitioned into the 
organic layer by vigorously shaking for 30-60 seconds. 
The aqueous layer was discarded. The petroleum ether 
layer was washed with two 100-ml portions of water to 
remove the remaining acetonitrile, and then transferred 
to a 100-ml graduated cylinder, and the recovered 
volume was recorded. The wet weights of tissue 
samples were corrected for the losses of acetonitrile— 
water mixture and petroleum ether. The extracts were 
subjected to Florisil column cleanup. The eluate was 
concentrated to 10 ml for quantification. Results were 
expressed in nanograms of pesticide per gram of fish 
tissue (ppb wet weight). 


Dieldrin, p,p’-DDE, p,p'-TDE, p,p’-DDT, and hep- 
tachlor epoxide were quantified by gas chromatography. 
Instrument parameters and operating conditions were as 
follows: 


Gas chromatograph: Tracor 550 


Detector: Ni electron-capture 


Columns: packed with 10% DC-200 


packed with 4% SE-30/6% OV-210 


Temperatures, °C detector 340 


columns 210 


Carrier gas: flowing at 90-100 ml/min 


Values were not corrected for the ca 80% recovery 
obtained in extraction. Preliminary tests revealed little 
interference from polychlorinated biphenyls (PCBs) and 
chlordane. The majority of the PCBs were present as 
Aroclor 1242 or 1246 which did not interfere in the 
other pesticide analyses. No chlordane was observed in 
water or fish samples. Pesticide detection limits were 
about 10 ppb. One of the authors, John J. Richard, 
supervised all analyses. Authors transformed data on 
pesticide concentrations to log 10 values before 
conducting analysis of variance or ¢-tests or computing 
correlation coefficients. 


Results 


Carp were most abundant and walleyes were least 
abundant in the collections (Table 1). Because large 
older fish were not included in the composited samples, 
mean length of samples for the seven species was 
within a 120-mm range. Average length of forage fish 
was 56 mm less than that of piscivorous fish. 


Dieldrin and {DDT were detected in all 173 samples 
analyzed. Heptachlor epoxide was present in quanti- 


VoL. 15, No. 2, SEPTEMBER 1981 


TABLE 1. Number and length of fish collected from Des 
Moines River, lowa, 1977-78 





TOTAL LENGTH, MM 





SPECIES MEAN RANGE 


56-212 
76-400 
83-402 
98-487 
75-332 
144-430 
95-387 





Gizzard shad 137 
River carpsucker 178 
Carp 151 
Channel catfish 253 
White crappie 134 
Walleye 232 
Largemouth bass 225 





fiable amounts in most samples but was not detected in 
at least 15% of the samples from a given species; it was 
not found in 33% of river carpsucker samples, 27% of 
carp samples, and 15%-23% of the samples of other 
species. Most of the samples with undetectable heptach- 
lor epoxide were collected at Station 2 in October 1977. 
Average concentrations of dieldrin and X{DDT were 
somewhat similar; concentrations of heptachlor epox- 
ide, when present, were considerably lower. 


Comparison of concentrations of the three insecticides 
indicated significant differences among fish species for 
all three chemicals (Table 2). Differences were greatest 
in dieldrin concentrations (P <0.01). Levels of dieldrin 
were highest in gizzard shad and channel catfish (114 
ppb), and lowest in walleyes (28 ppb). Patterns of 
heptachlor epoxide concentrations were similar to those 
for dieldrin (P <0.01). Concentrations of }DDT were 
more similar among species, but still significantly 
different (P <0.05). 


TABLE 2. Mean insecticide concentrations in whole-body 
samples of fish from Des Moines River, lowa, 1977-78 





CONCENTRATION, PPB 





SPECIES No. 
SAMPLES 


DIELDRIN =DDT HEPTACHLOR 


EPOXIDE 





Gizzard shad 
River carpsucker 


114 (14-191) 
63 (7-197) 


57 (8-188) 
64 (10-329) 
35 (13-62) = 42: (12-125) 
114 (31-240) 67 (16-136) 
60 (15-301) 44 (6-72) 
28 (7-62) 76 (7-138) 
58 (15-182) 65 (7-109) 


14 (0-68) 
7 (0-42) 
5 (0-23) 

16 (0-42) 
6 (0-19) 
2 (0-6) 
7 (0-23) 


arp 

Channel catfish 
White crappie 
Walleye 
Largemouth bass 





NOTE: Range is given in parentheses. 


Levels of insecticides in the three forage species were 
compared with those found in the four piscivorous 
species to determine if bioaccumulation through the 
food chain was evident. Differences between concentra- 
tions found in the forage fish and the fish-eating species 
were not statistically significant for any of the three 
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chemicals. Average 
were as follows: 


whole-body concentrations (ppb) 


Dieldrin {DDT 
Forage fish 71 54 
Piscivorous fish 65 65 s 


Heptachlor epoxide 
9 


Inasmuch as whole-body concentrations of the three 
insecticides failed to correlate significantly with posi- 
tion of species in the food chain, authors compared 
pesticide concentration to percent body fat. Only fish 
sampled during the last two quarters, July and October 
1978, were available for fat analysis (Table 3). Average 
percent body fat was highest in gizzard shad (17) and 
lowest (2) in walleyes. Fat concentrations were similar 
in July and October samples of each species except 
gizzard shad. Concentrations of fat in shad samples 
were 7% in July and 29% in October 


TABLE 3. Average percent fat content and mean 
whole-body insecticide levels in seven species of fish 
collected in July and October 1978 





CONCENTRATION, PPM 





HEPTACHLOR 


FISH SPECIES EPOXIDE 


DIELDRIN XDDT 


Gizzard shad 
River carpsucker 





(0.48) 55 (0.32) (0.08) 
(0.83) 39 72) 
5 (0.78) 45 
(1.19) 101 
(2.07) 

(1.30) 


61 (1.52) 


(0.06) 
(0.13) 
(0.12) 
(0.30) 

0.10) 
(0.20) 


Carp 

Channel catfish 
White crappie 
Walleye 


Largemouth bass 


-NNOL WY 





Based on ppm fat shown in parentheses 


The correlation between percentage fat and insecticide 
concentrations within each species was first examined. 
In July samples, correlation was significant at the 0.01 
level between percent fat and dieldrin and heptachlor 
epoxide levels for white crappies and between percent 
fat and {DDT for gizzard shad. In October samples, 
correlation was significant at the 0.05 level between 
percent fat and dieldrin and heptachlor epoxide in 
largemouth bass. Percent fat was not significantly 
correlated with insecticide concentrations in the other 
species. 


In combined July and October samples (Table 3), the 
relation between percent fat and dieldrin was significant 
at the 0.05 level or higher in river carpsucker, carp, 
white crappies, and largemouth bass (Table 4). Correla- 
tion coefficients for gizzard shad and _ walleyes, 
although not statistically significant, suggested a similar 
relation. Body fat was significantly correlated with 
2DDT only in gizzard shad, whereas correlation 
between fat and heptachlor epoxide was significant in 
both white crappies and largemouth bass. 
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TABLE 4. Correlation coefficient (r) between percent body 
fat and insecticide concentrations for combined composite 
samples of fish collected during July and October 1978 





No HEPTACHLOR 


SPECIES SAMPLES DIELDRIN DDT EPOXIDE 





Gizzard shad ; 0.70 0.93* 0.45 
River carpsucker 0.73* 0.25 0.69 
Carp 0.83** 0.32 0.26 
Channel catfish 

White crappie 0.90** 82** 
Walleye 0.70 46 
Largemouth bass 0.84** 85** 





*Significant at 0.05 probability level 
**Significant at 0.01 probability level 


But even though fish species varied widely in mean 
percent body fat, differences in concentrations of each 
of the three insecticides were evidently not caused by 
differences in body fat. When the seven species were 
compared, correlation coefficients were 0.65 for fat vs. 
whole-body dieldrin concentrations, —0.12 for fat vs. 
whole-body {DDT concentrations, and 0.80 for fat vs. 
whole-body heptachlor epoxide concentrations. These 
coefficients were not statistically significant. 


Expression of insecticide concentrations on the basis of 
fat content also failed to reduce species differences 
(Table 3). White crappies contained over 2 ppm dieldrin 
on a fat basis and gizzard shad only 0.48 ppm. 
Walleyes contained the highest {DDT concentrations 
on the basis of fat (5.30 ppm) and gizzard shad the 
lowest (0.32 ppm), whereas concentrations of heptach- 
lor epoxide in terms of fat were very low in all species. 


These relatively high levels of pesticide per unit of body 
fat in white crappies, walleyes, and other species (Table 
3) suggested one additional comparison—concentration 
of pesticide in forage fish vs. piscivorous fish on a fat 
basis, for evidence of biological magnification. Mean 
concentrations of insecticide on a fat basis in gizzard 
shad, river carpsucker, and carp (forage fish) were 
lower than those in catfish, crappies, walleyes, and bass 
(piscivorous fish) as follows: dieldrin, 0.70 ppm vs. 
1.52 ppm; {DDT, 0.68 ppm vs. 2.51 ppm; and 
heptachlor epoxide, 0.09 ppm vs. 0.18 ppm. These 
differences suggested that biological magnification in 
the food chain was occurring. However, even though 
concentrations were seemingly higher on the basis of fat 
in all piscivorous fish than in forage fish (except for 
heptachlor epoxide in carp), only those for dieldrin 
were significantly higher (P = 0.05, t = 3.50). 


Discussion 
Body concentrations of an insecticide frequently differ 


from one species of fish to another from the same body 
of water. Many factors, including length and weight, 
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age, food, fat content, enzyme systems, and trophic 
levels, have been considered by researchers to explain 
species variation in insecticide concentrations (5, 8). 
Lyman et al. (/2) and Matsumura (/3) observed that 
fish species also vary greatly in their ability to 
metabolize and eliminate insecticides. Additional varia- 
tion may arise from uneven exposure due to differences 
in location of capture or time of year. In our study, five 
samples were collected over a 1-year period at three 
locations on the river. Seasonal and spatial differences 
in pesticide concentrations were not statistically signi- 
ficant within species, with minor exceptions (//). 
However, fish may be captured at the same location and 
still have been exposed to different levels of pesticide. 
Bottom-dwelling species are in contact with greater 
concentrations of pesticide adsorbed on bottom and 
suspended sediment than are species occupying strata 
near the water surface where suspended sediment levels 
are lower. Whether fish can absorb pesticides directly 
from sediment in significant amounts is still uncertain. 


Percent body fat tended to explain levels of insecticides 
within certain species, as has been noted by many 
researchers (J, 6, 1/6, 17), but did not explain 


differences in concentrations among the seven species 
in the present study. Gizzard shad and channel catfish 
had higher percent fat in their bodies than did other 
species tested and also accumulated greater concentra- 
tions of dieldrin and heptachlor epoxide on a wet- 


weight basis. Even expression of concentrations in the 
seven species of fish on the basis of fat or oil content 
did not reduce differences in insecticide level among 
species. Reinert (/6) found less difference in DDT and 
dieldrin concentrations in fish species when concentra- 
tions were expressed in terms of oil content of the fish. 


Position of a species in the food chain was related to 
insecticide concentration—especially dieldrin—in the 
present study when concentrations were expressed on 
the basis of fat content. Most striking was a 5.30-ppm 
XDDT level in the highly piscivorous walleye vs. 0.32, 
0.72, and 1.00 ppm in the three forage species. This 
relation between position in the food chain and 
insecticide level was not evident when the comparisons 
were based on whole-body concentrations instead of on 
fat content alone. Authors’ data illustrate once again the 
many factors influencing insecticide dynamics in fresh- 
water fish and the difficulty in attributing differences to 
a single factor. 
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Organochlorine and Metal Residues in Eggs of Waterfowl Nesting on Islands in Lake Michigan 
off Door County, Wisconsin, 1977-78 
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ABSTRACT 


One egg from each of 114 red-breasted merganser (Mergus 
serrator) nests in 1977 and 92 nests in 1978 was collected and 
later analyzed for organochlorines, polybrominated biphenyls 
(PBBs), polychlorinated styrenes (PCSs), and metals. One 
egg was also collected from each of the dabbling duck nests 
located. Twenty-nine of these eggs were analyzed for 
organochlorines and metals in 1977; 10 eggs were analyzed 
in 1978. All merganser eggs contained DDE, polychiorinated 
biphenyls (PCBs), and dieldrin; all but one egg collected in 
1978 contained DDT. DDE and PCB levels had declined 
since 1975 to a geometric mean of 7.4 ppm DDE and 20 ppm 
PCBs in 1977 and 7.6 ppm DDE and 19 ppm PCBs in 1978. 
Dieldrin residues in eggs had not declined from 1975 levels; 
the geometric mean was 0.78 ppm in 1977 and 0.76 ppm in 
1978. Other organochlorines were present at low levels. 
Mercury residues averaged >0.50 ppm in merganser eggs 
and had not declined since 1975. Other metals were present 
at low levels. Dabbling ducks generally had much lower 
organochlorine and Hg residues than mergansers; DDE and 


PCBs were the only organochlorines present in the majority of 


eggs. Geometric means of PCBs and DDT in dabbling duck 
eggs did not exceed 2.0 ppm and 1.0 ppm, respectively. PBBs 
and PCSs were detected only in a few merganser eggs, at low 
levels. Eggshell thickness for red-breasted merganser eggs 
averaged 0.359 mm in 1977 and 0.355 mm in 1978, which is 
only 2%-3% below pre-1946 thicknesses. Mallard (Anas 
platyrhynchos) eggshell thicknesses averaged 0.331 mm in 
1977 and 0.337 mm in 1978. 


Introduction 


Organochlorine residues, especially polychlorinated 
biphenyls (PCBs) (/8), have been a contaminant 
problem in Lake Michigan biota for years, and fish have 
accumulated high concentrations of these lipid-soluble 
compounds (26). The build-up is especially persistent in 
the Green Bay watershed (2). Fish-eating birds nesting 
in this watershed accumulate high organochlorine 
residues (/0) and exhibit significant eggshell thinning 
(6). 


' Fish and Wildlife Service, U.S. Department of the Interior, Patuxent Wildlife 
Research Center, Laurel, MD 20811 
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In 1975, red-breasted merganser (Mergus serrator) and 
common merganser (Mergus merganser) eggs collected 
on islands off Door County, Wisconsin, contained up to 
29 ppm DDE and 113 ppm PCBs; shells were 17.7% 
thinner than eggshells collected before the use of DDT 
(27). In 1977 and 1978, authors studied the reproduc- 
tive success of mergansers on several islands in the 
same area (Figure 1). The present paper reports the 
levels of organochlorines and metals in eggs randomly 
collected from the nests of mergansers and other 
waterfowl on the islands. 


Sample Collection and Preparation 


All but two of the eggs in the present study were 
obtained from Spider, Hog, and Pilot islands (Figure !). 
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FIGURE 1. Location of islands where waterfowl eggs were 
collected for residue analyses, Lake michigan, 1977 and 
1978. 
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One red-breasted merganser nest each was found on 
Gravel and Plum islands. The main three islands were 
divided into 5—6-m transects and each transect was 
searched by at least two people. Eggs were randomly 
selected, one egg per clutch, from all merganser and 
many dabbling duck nests that contained three or more 
eggs. Nests containing fewer than three eggs were 
revisited several times and, if more eggs were added, 
then they too were sampled. 


Waterfowl nesting on the three islands during the 2-year 
study included red-breasted mergansers, common mer- 
gansers, mallards (Anas platyrhynchos), gadwalls (Anas 
strepera), and black ducks (Anas rubripes). Red- 
breasted mergansers were by far the most prevalent 
species; eggs were taken from 114 nests in 1977 and 92 
nests in 1978. Common merganser nests (two) were 
found only in 1978. In 1977, 22 mallard, 4 gadwall, 
and 3 black duck nests were sampled. In 1978, eggs 
from five mallard and five gadwall nests were collected 
and analyzed for organochlorines and a few metals. 


Eggs were labeled and carried in egg cartons to the 
laboratory. Eggs were cleaned and.the length, breadth, 
and weight of each was measured. Volume was 
measured by water displacement if whole and if cracked 
was considered comparable to another egg of the same 
species with the same length and breadth measure- 
ments. Because dehydration and/or loss of lipid may 
occur in embryonated eggs, a specific gravity of 1.0 
was assumed for all eggs; residue values (ppm) were 
based on egg volume (25). 


All eggs were opened at the equator and the contents 
were stored frozen in a glass jar until chemical analysis. 
Stage of embryonic development based on the mallard 
was noted. Eggshells were rinsed with membranes 
intact and air-dried for at least 2 weeks before being 
measured and weighed. Thickness was measured three 
times at the equator of each egg with a Starrett 1010M 
micrometer having 0.01-mm graduations. A mean of 
these three values was considered the shell thickness for 
each egg. 


Statistical Analysis 


Comparisons of organochlorine and metal levels in eggs 
randomly collected during 1977 and 1978 were made by 
using a Mann-Whitney U-test. Geometric means and 
ranges and nonparametric correlations are presented 
because some organochlorines did not show a normal 


distribution. Pre-1946 eggshell thicknesses in red- 
breasted and common mergansers, as reported by White 
and Cromartie (27), were compared with 1977 and 1978 
values by means of Student’s t-test. Intercorrelations of 
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residues were tested with Spearman correlation coef- 
ficients. 


Analytical Procedures 


ORGANOCHLORINES, POLYCHLORINATED STYRENES, AND 
POLYBROMINATED BIPHENYLS 


Eggs were analyzed for p,p’-DDE, p,p’-TDE, p,p’- 
DDT, dieldrin, heptachlor epoxide, oxychlordane, 
cis-chlordane, trans-nonachlor, cis-nonachlor, endrin, 
hexachlorobenzene (HCB), mirex, toxaphene, PCB, 
PBB, and PCS residues. Samples were ground with 
anhydrous sodium sulfate and extracted in a Soxhlet 
apparatus. Extracts were cleaned on a Florisil column, 
and pesticides and PCBs were separated into three 
fractions on a SilicAR® column, as described by 
Cromartie et al. (4). The SilicAR procedure was 
modified for the 1978 samples: The cleaned extracts 
were separated into four fractions, which produces a 
discrete fraction for endrin and dieldrin (/6). 


Instrument parameters and operating conditions for 
quantitation of PCB, PCS, PBB, and pesticide residues 
were as follows: 


Gas-liquid chromatograph: Hewlett-Packard Model 5713 or 5840A equip- 


ped with automatic sampler and digital pro- 
cessor 


Detector: SNi 


Columns: PCBs, PCSs, pesticides: glass, 183 x 0.4 cm 


ID, packed with 1.5% OV-17/1.95% QF-1 on 
100-—120-mesh Supelcoport at 196-198°C and 
with 5% methane in argon flowing at 60 
ml/min 


PBBs: glass, 1830.4 cm ID, packed with 
3% OV-1 on 80-100-mesh Supelcoport at 
245°C and with 5% methane in argon flowing 
at 100 ml/min 


Pesticides were measured by digital integration of peak 
areas; PCBs were estimated by comparing total area 
with that of Aroclor 1260; PCS values were estimated 
on the octachlorostyrene peak (24), and PBB values 
were based on hexabromobiphenyl. Toxaphene esti- 
mates were based on the area of two peaks eluting after 
DDT (23). 


Average percentage recoveries from spiked chicken 
eggs were DDE, 91; TDE, 97; DDT, 93; dieldrin, 99; 
heptachlor epoxide, 78; oxychlordane, 97; cis- 
chlordane, 102; trans-nonachlor, 99; endrin, 90; HCB, 
75; mirex, 92; and Aroclor 1260, 101. Residue levels 
were not corrected for recovery. The lower limits of 
reportable residues were 0.10 ppm for pesticides, 0.50 
ppm for PCBs, 0.02 ppm for PBBs, and 0.05 ppm for 
PCSs. Endrin was quantified as low as 0.05 ppm in the 
1977 samples and as low as 0.02 ppm in the 1978 
samples. Residues in 63 specimens were confirmed on 
an LKB 9000 or a Finnigan 4000 Series gas chromato- 
graph—mass spectrometer (/6). 





METALS 


Analyses for chromium (Cr), lead (Pb), copper (Cu), 
zinc (Zn), cadmium (Cd), arsenic (As), and selenium 
(Se) in 1978 were performed at Patuxent Wildlife 
Research Center, Laurel, Maryland. Eggs were homo- 
genized in a Virtis blender. A 5-g portion was placed in 
a Vycor crucible for Pb, Cu, Zn, Cd, and Cr analyses, 
and a 2-g portion was placed in a 125-ml Erlenmeyer 
flask for As and Se analyses. 


Pb, Cu, Zn, Cd, Cr—After drying for 2 hours at 110°C, 
the Vycor crucible was covered and placed in a muffle 
furnace at 200°C for 2 hours. The temperature was then 
increased to 550°C at a rate of 100°C/hr and the sample 
was left to ash overnight. The ash was cooled, 
dissolved in approximately 4 ml nitric and hydrochloric 
acids over a hot plate, transferred to a 12-ml 
polypropylene tube, and diluted to 10 ml with distilled, 
deionized water. Residues were determined by compari- 
son with aqueous standards on a Perkin-Elmer Model 
703 atomic absorption spectrophotometer. Except for 
the Pb line of 217.0 nm, the standard conditions as 
published by the manufacturer were used 


As, Se—The 2-g sample was dissolved in 40 ml 
concentrated nitric acid over a hot plate and heated 
slowly to boil away all but 1 ml of acid, which was then 
transferred to a 50-ml polypropylene tube and diluted to 
50 ml with distilled, deionized water. Arsenic and 
selenium were determined by the method of additions 
on a Perkin-Elmer Model 403 atomic absorption 
spectrophotometer equipped with a Perkin-Elmer MHS- 
| hydride generator. Authors performed the As analyses 
at 193.7 nm with a 5% NaBHy, reducing solution at 
| ,000°C, and the Se analyses at 196.0 nm with a 10% 
NaBH, reducing solution at 900°C 


Recoveries from spiked chicken livers ranged from 83% 
to l 10° Cc. 


these data 


residues were not corrected on the basis of 

rhe lower limits of reportable residues, on a 
wet-weight basis, were 0.10 ppm for Pb, Cu. Zn, Cd, 
and Se, and 0.05 ppm for Cr and As 


All mercury (Hg) analyses and As and Se analyses in 
1977 were made by Environmental Trace Substances 
Research Center, Columbia, Missouri. Mercury sam- 


ples were first wet-digested in nitric acid. Stannous 


chloride was added to reduce ionic Hg to elemental Hg, 


which was measured photometrically in the vapor phase 
by atomic absorption. The lower limit of quantification 
was 0.001 ppm Hg, wet weight 

Arsenic samples of 0.25 g were added to I5 ml 
concentrated nitric acid and | ml perchloric acid and 
heated to fumes. The samples were cooled and diluted 
to 25 ml with distilled, deionized water. A 10-ml 


aliquot of each sample was run in duplicate on a 


9? 


Perkin-Elmer MHS-1 hydride system with a NaBH, 
pellet at 1,000°C. The lower limit of quantification was 
0.005 ppm As, dry weight. 


Selenium was determined with the Se 77" method 
outlined by McKown and Morris (2/). The lower limit 
of quantification was 0.01 ppm Se, dry weight. 


Results and Discussion 


MERGANSERS 


Organochlorines—In 1977, all 114 red-wvreasted mer- 
ganser eggs contained PCBs, DDE, dieldrin, and DDT. 
Geometric means for these four organochlorines were 
20, 7.4, 0.78, and 0.36 ppm, wet weight, respectively. 
In 1978, all 92 of the red-breasted merganser eggs 
contained PCBs, DDE, and dieldrin; 91 of the 92 eggs 
contained DDT. Geometric means for the four residues 
were 19, 7.6, 0.76, and 0.31 ppm, respectively (Table 
1). The means of these four organochlorines did not 
change significantly (P>0.05) between 1977 and 1978, 
but the range of PCBs (up to 229 ppm in 1977, but only 
36 ppm in 1978) and of DDE (up to 28 ppm in 1977, 
but only 16 ppm in 1978) decreased. The range of 
dieldrin and DDT did not change dramatically between 
1977 and 1978. 


Although PCB values from the present study are not 
easily compared quantitatively with previous findings, 
there is a general downward trend. In 1969, Faber and 
Hickey (6) reported an arithmetic mean of 84 ppm 
PCBs, wet weight, in red-breasted merganser eggs from 
the Green Bay area. In 1975, the mean had decreased to 
45 ppm PCBs (27). Our arithmetic means were 25 ppm 
and 20 ppm, respectively. The same trend was apparent 
in DDE residues for these 4 years: 44 ppm in 1969 (6), 
16 ppm in 1975 (27), 8.3 ppm in 1977, and 8.1 ppm in 
1978. 
arithmetic means for the 4 years were 0.77 ppm in 
1969, 1.0 ppm in 1975, 0.86 ppm in 1977, and 0.81 
ppm in 1978. DDT was not reported singly in 1969, but 
in 1975 the mean (0.62 ppm) was slightly higher than in 
1977 and 1978. This is also true for TDE values. The 
mean value of 0.40 ppm reported in 1975, with 17 of 
18 eggs containing TDE, was higher than the 0.16 ppm 
and 0.07 ppm means found in 1977 and 1978, 
respectively. The incidence of TDE had also dropped 
dramatically in 1978 (Table 1). A slight decrease was 
also apparent in the 1978 common merganser eggs with 
regard to DDE, PCBs, DDT, and TDE when compared 
to 1975 values (27). The 1978 dieldrin values (x= 1.7 
ppm) were higher than those found in 1975 (x=0.64 
ppm). 


Dieldrin residues showed no such decrease; 


Other organochlorine residues were found at low levels 
in merganser eggs collected during 1977 and 1978. 
Mirex and endrin residues decreased from 1975 values 
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TABLE |. Organochlorine, PBB, and PCS residues in the eggs of waterfowl nesting on three Lake Michigan islands off the 
tip of Door County, Wisconsin, 1977-78 





HEPTA- 
CHLOR 
DIELDRIN EPOXIDE 


Toxa- 


DDT TDE PHENE HCB 


MIREX 


Oxy- —cis-NON- 
CHLOR- ACHLOR 
DANE 


TRANS- 
NONA- 


ENDRIN CHLOR 





RED-BREASTED MERGANSER, 1977 (114)? 





0.36 0.14 0.78 0.20 0.14 0.06 


0.05 


0.05 0.30 0.11 0.22 


0.08 NA 


0.09-1.7 ND-0.71 0.25-2.3 ND—0.88 ND-0.89 ND-0.3 ND-—0.25 ND-0.05 ND-0.84 ND-0.41 ND~-0.73 ND-0.28 


114 97 114 109 57 24 


12 3 111 79 103 46 





RED-BREASTED MERGANSER, 1978 (92) 





0.31 0.06° 0.76 0.22 0.27’ 0.05 
ND-0.61 ND-0.33 0.20-1.9 ND—0.55 ND-0.64 ND~-0.2 
91 19 92 91 88 11 


0.05 0.03 
ND-0.4 ND-0.08 ND-0.9 ND-0.31 ND-0.67 ND-0.28 ND-0.80 


0.41° 0.14 0.33° 0.15° 0.04 


7 28 91 86 90 87 29 





COMMON MERGANSER, 1978 (2) 





0.18 0.07 0.24 0.14 


40.0 
33-48 0.1-0.34 ND-O.11 0.20-0.28 ND-0.37 
, 9 1 2 1 


< < < 


ND ND 0.76 


0.73-0.80 
9 


0.44 1.2 0.08 
0.96-1.5 ND-0.25 


] y ? 1 


0.22 





MALLARD, 1977 (22) 





2.0 0.89 0.06 0.05 ND 
ND-10 ND-~-3.6 ND-0.18 ND-0.12 
18 21 2 2 


ND N N 0.05 
ND-0.13 
3 





MALLARD, 1978 (5) 





0.13 N N ND 
ND-0.53 
3 


ND 





GADWALL, 1977 (4) 





ND 


ND 





GADWALL, 1978 (5) 





0.24 N 0.06 ND 
ND-0.56 ND-0.10 
4 1 


ND N N N 0.06 
ND-0.09 
1 





BLACK DUCK, 1977 (3) 





0.77 y J Y N ND ND 
21-2.5 


3 


ND ND 





NOTE: NA no analyses performed for that substance; ND 
chemicals except endrin, 0.05 ppm (1977), 0.02 ppm (1978); PCB = 0.50 ppm; PCS 
the means as one-half the quantification level 
PCB as Aroclor 1260 
Number in parentheses total number of eggs analyzed 
Geometric mean, ppm wet weight 
* Range 
* Number of total samples analyzed which contained residues of reportable level 


= No residue of quantifiable level. Levels over which quantification was possible were 0.1 ppm for all 
= 0.05 ppm; PBB = 0.02 ppm. Samples with no detectable residues were calculated in 


® Significantly different from residues in the eggs of the same species, 1977, Mann-Whitney U-test, P - 
Significantly different from residues in the eggs of the same species, 1977, Mann-Whitney U-test, P < 
* Significantly different from residues in the eggs of the same species, 1977, Mann-Whitney U-test, P < 


(27, Table 1). In fact, mirex was detected in only 12 
and 7 eggs collected from red-breasted merganser nests 
in 1977 and 1978, respectively, and endrin in only 3 


and 28 eggs, respectively. Levels of toxaphene, 
oxychlordane, trans-nonachlor, and cis-chlordane in- 
creased slightly, but significantly, from 1977 to 1978. 
PBBs were detected in 109 of the 114 red-breasted 
merganser eggs analyzed in 1977, and PCSs were 
detected in 29 of the 92 red-breasted merganser eggs 
analyzed in 1978 and in one of the two common 
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merganser eggs. The residues were extremely low 
(Table 1). 


Metals—Mercury was detected in all merganser eggs in 
1977 and 1978 (Table 2). The arithmetic mean in both 
years for red-breasted merganser eggs was 0.55 ppm 
Hg, which is similar to the 0.56-ppm Hg levels found 
during 1975. The mean value of Hg in common 
merganser eggs did not differ significantly in 1975 
(0.56 ppm Hg) and 1978 (0.58 ppm). Arsenic and 


93 





TABLE 2. Metal residues in the eggs of waterfowl nesting on three Lake Michigan islands off Door County, Wisconsin, 
1977-78 





RESIDUES, PPM WET WEIGHT 





AS SE 


CR PB 





0.060 0.74 
0.60-—0.82 
(5/5) 5/5) 


0.040—0.083 


0) O60 
ND-0.11 
1/7 
NA 


0.013 
ND-0.022 


V5 


NA 





selenium residues in merganser eggs were generally low 
(Table 2) and did not change from 1977 to i978 
Chromium, lead, copper, and zinc were detected in 
1978 in the seven eggs analyzed; geometric means were 
0.12, 0.93, 0.75, and 15 ppm, respectively. Cadmium 
was not detected at quantifiable levels. 


Banded Hens—Six red-breasted merganser hens, cap- 
tured and banded on their nests in 1977, were 
recaptured on their nests in 1978. The residues of six of 
the major contaminants in the eggs collected from these 
nests are listed in Table 3. As was the case with other 
nests checked, the only significant change between 
1977 and 1978 was the TDE residues; both the amount 
and incidence of TDE had decreased. Levels of Hg 
were slightly, but not significantly, higher in the eggs 
from the nests of banded hens; otherwise, residues were 
comparable 


DABBLING DUCKS 


Organochlorines—Generally, organochlorine residues 
were much lower in dabbling duck than in merganser 
eggs (Table 1). DDE and PCBs were the only 
organochlorines found in the majority of dabbling duck 
eggs. Geometric means of DDE for the 2 years ranged 
from 0.35 ppm in 1977 gadwall eggs to 1.0 ppm in 
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NA NA 


1978 mallard eggs. Geometric means for PCBs in 
dabbling duck eggs ranged from 1.1 ppm in 1977 
gadwall and 1978 mallard eggs to 2.2 ppm PCBs in 
1977 black duck eggs. Other organochlorines—DDT, 
dieldrin, toxaphene, oxychlordane, trans-nonachlor 

were detected at very low levels in a few eggs. PCSs 
and PBBs were not present in any of the eggs analyzed 


Metals—Mercury residues were also lower in dabbling 
duck eggs than in merganser eggs (Table 2). Geometric 
means ranged from 0.04 ppm Hg in 1978 gadwall eggs 
to 0.12 ppm Hg in 1977 black duck eggs. Arsenic and 
selenium were measured in 1977 mallard eggs, and the 
geometric means were 0.013 ppm As and 0.54 ppm Se, 
wet weight. Three of five eggs contained As; all five 
eggs contained Se. 


EGGSHELL THICKNESS 


Mean eggshell thickness for 92 randomly collected 
red-breasted merganser eggs of less than 9 days 
incubation was 0.359 mm in 1977. In 1978, the mean 
thickness for 87 eggshells was 0.355 mm. This is a 


2.2% and 3.3% decrease from pre-1946 values, 


respectively (Table 4), but a 14%-—15% increase in the 
shell thickness over those measured in 1969 (6) and 
1975 (27). The same pattern is reflected in common 
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TABLE 3. 


Organochlorine and mercury residues in randomly sampled eggs from clutches of the same six red-breasted 


mergansers in Door County, Wisconsin, 1977-78' 





RESIDUES. PPMWET WEIGHT 





YEAR DDE 


TDE 


DDT DIELDRIN 





1977 


7S = to 0.10 
3 


6 
7.9 + 1.14 
6 


5 
1978 


+ 


0.06 + 
1 


0.012 


0.008 


0.28 + 
6 


6 


0.048 0.67 + 0.113 


6 


+ 


6 


0.32 + 0.066 0.85 + 0.145 





' The same six nests were sampled both years. 
? Mean + standard error. 


> Number of samples that contained quantifiable levels of a residue. Those under that level were assigned a value of one-half the detection limit. 


merganser eggshells. The 0.414-mm mean found in 
1978 eggs was only 3.2% lower than the pre-DDT 
reports, whereas the 1975 values were 23.5% thinner. 
Mallard eggshell thickness from the study averaged 
0.331 mm in 1977 and 0.337 mm in 1978. Although 
authors could locate no measurements of mallard 
eggshell thickness from the pre-DDT era for compari- 
son with these values, they are comparable to those of 
black duck eggs from the Atlantic Flyway collected 
before the use of DDT and in 1978 (/2). 


The decrease in DDE over the sampling years, rather 
than any change in residue levels of other organochlor- 
ines or metals, is most likely responsible for the 
improvement in eggshell thickness in both species of 
mergansers. DDE has been implicated in both field (3, 
6, 10) and laboratory studies (//, 20) as the primary 
cause of avian eggshell thinning. And again in this 
study, DDE was correlated with eggshell thickness in 
the red-breasted mergansers (Figure 2, r°>=0.029). The 
slope of the relation was significantly different from 
zero (P<0.02). The correlation was weak, but signi- 
ficant, as was the correlation of several other organoch- 
lorines (oxychlordane, trans-nonachlor, hexachloroben- 
zene) to eggshell thickness. Because of the additional 
significant correlations, authors cannot show statistical- 
ly that decreasing residues of DDE were alone 
responsible for improved eggshell thickness in 1977 and 
1978. We do, however, feel that the evidence points to 
DDE, and that other organochlorines are correlated with 
eggshell thickness because all the major chlorinated 
hydrocarbons react similarly in biological systems and 
their residues are therefore correlated with each other 
(Table 5). The only major residue which is not 
correlated to the others is Hg. DDE residues were 
correlated to this metal in the 1978 sample. Other 
organochlorines show no such correlation. 


POTENTIAL BIOLOGICAL EFFECTS 


The relationship of contaminants and reproductive 
success of red-breasted mergansers will be thoroughly 
discussed in a manuscript now in preparation, but some 
general observations on the effects of contaminants on 
waterfowl are discussed below. PCBs were the most 
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abundant contaminant found in red-breasted merganser 
eggs. The levels detected were below levels found to 
have no effect on hatchability and survival of young in 
pen studies with mallards. This is true of studies where 
both natural (5) and artificial (/3) incubation were used. 
Comparable levels in the egg were associated with 
embryo mortality in ring doves (Streptopelia risoria) 
(22) and decreased growth in young chickens (Gallus 
domesticus) (15). 
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FIGURE 2. Correlation of DDE residues (log, ppm wet 
weight) with eggshell thickness of red-breasted merganser 
eggs collected in 1977 and 1978 on islands in northern Lake 
Michigan. 


TABLE 4. Shell thickness in eggs of waterfowl nesting on 
islands in northern Lake Michigan’ 





SHELL THICKNESS, MM 





YEAR RED-BREASTED MERGANSER COMMON MERGANSER 
Pre-1946 0.367 + 0.0017 
(8/105)* 
0.302 + 0.004 
(18/178) 
0.359 + 0.002° 
(92/92) 
0.355 + 0.002° 
(87/87) 


MALLARD 





3 


0.426 + 0.0117 
(3/33) 
0.314 + 0.006 
(2/16) 


1975 


1977 3.331 + 0.008 


(6/6) 
0.337 + 0.025 
(4/4) 


1978 0.414 + 0.003 


(2/2) 





' Mean + standard error of the mean of all eggs measured: means with 
different letters are statistically different, Student's t-test, P < 0.01 

? Data are from White and Cromartie (1977). 

> No data are available. 

* (Number of clutches represented/number of eggs measured). 





TABLE 5. Correlation of five organochlorines and mercury 
in the eggs of red-breasted mergansers, Door County, 
Wisconsin, 1977-78 





HEPTACHLOR 


DDE DDT DIELDRIN EPOXIDE 











DDE residues in the mergansers were below those 
associated with significant eggshell thinning and low- 
ered reproductive success in captive black ducks (20) 
and mallards (//), but above levels found in popula- 
tions of brown pelicans (Pelecanus occidentalis) which 
displayed eggshell thinning and reproductive problems, 
along with a variety of organochlorine-associated 
problems (3). Dieldrin residues in the merganser eggs 
were lower than residues in the eggs of barn owls (Tyto 
alba) on a 0.5-ppm dieldrin diet over 2 years 
(Mendenhall, V., E. Klaas, and A. McLane, manu- 
script in preparation) and in the eggs of ring-necked 
pheasant (Phasianus colchicus) on a 20-ppm dieldrin 
diet (/). Field populations of purple gallinules (Por- 
phyrula martinica) reproduced successfully with egg 
dieldrin residues of 9-17 ppm (9), but brown pelican 
reproduction was affected when eggs carried a dieldrin 
burden in the same range as the merganser eggs (3). 


Mercury contamination in red-breasted merganser eggs 
was above the 0.5-ppm level suggested to be associated 
with decreased hatchability in pheasant eggs (7), but 
below that found in mallard eggs from hens on a 
0.5-ppm Hg diet (/4) and below Hg levels in two 
red-breasted merganser eggs collected near a site of Hg 
contamination in New Brunswick (8). Other metal 
residues found in merganser eggs were in the same 
range as metal residues found in eggs of other wild 
species of bird (3, /2, 17, 19). 


In spite of contaminant levels in the eggs, which have 
been associated with reproductive problems in other 
fish-eating or waterfowl species in the laboratory or 
field, red-breasted mergansers were fairly successful in 
hatching broods on the islands in Lake Michigan. 
Hatching success averaged 81.7% in 1977 and 82.6% in 
1978. Dabbling ducks showed far lower contaminant 
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levels in their eggs and averaged a little better in 
hatching success—90.2% in 1977, 92.1% in 1978. 


Summary 


DDE and PCB residues in red-breasted merganser eggs 
collected in Door County, Wisconsin, during 1977 and 
1978 had decreased from levels found in 1975. Dieldrin 
and Hg residues in the eggs had not decreased since 
1975. Low levels of other organochlorines were found 
in the eggs. Eggshell thickness was only 2%—3% below 
that of pre-1946 eggshells, but the difference was 
statistically significant. This was a substantial increase 
from thickness measurements in 1975, which authors 
believe was primarily due to the decrease in DDE 
residues in the population. Although the contaminant 
levels in eggs are considered deleterious in other species 
and environments, and a general, low-level contamina- 
tion by many organochlorines was found, hatching 
success appeared unaffected or only marginally affected 
in the red-breasted merganser. Dabbling ducks—mal- 
lards, gadwalls, black ducks—nesting on the same 
islands laid eggs containing low levels of PCBs and 
DDE; a few eggs contained extremely low levels of 
chlordane isomers, toxaphene, and dieldrin. Hatching 
success was slightly better in dabbling duck nests than 
in merganser nests. 
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Persistence of Dieldrin in Water and Channel Catfish from the Des Moines River, 
and 1978' 


Siu-Yin Theresa Leung,’ Ross V. Bulkley,’ and John J. Richard* 


ABSTRACT 


This study was conducted to determine if dieldrin concentra- 
tions in water and fish of the Des Moines River, lowa, 
decreased after registration of the compound was withdrawn 
by the Environmental Protection Agency in 1975. Mean June 
concentrations of dieldrin in river water decreased from 50 


ppt in 1971 to 11 ppt in 1978. Average daily transport of 


dieldrin was 156 g in 1971 and 70 g in 1978. July levels in 
channel catfish muscle were 75 ppb in 1973 and 46 ppb in 
1978. Dieldrin was still present in significant concentrations 
in the aquatic system 3 years after registration withdrawal. 


Introduction 


Des Moines River, the largest river in Iowa, rises in the 
glacial moraine area of southwestern Minnesota and 
flows southeasterly across lowa to the Mississippi River 
(Figure 1). About 79% of the watershed upstream from 
Des Moines in central Iowa is cropland, primarily corn 
and soybeans; 6% is permanent pasture, 5% is forest, 
and 7% is urban (2). Normal annual precipitation over 
the drainage area ranges from 62.5 to 77.5 cm from 
north to south and averages 70.7 cm (9). Monthly 
precipitation is usually greatest in June. Heavy rainfall 
and cloudbursts occasionally cause high river flows in 
summer and early fall. The major source of pollution in 
the river is nonpoint agricultural runoff (2). 


From 1961 to 1965, aldrin was applied to Iowa soil at 
the rate of 5—6.5 million pounds per year for control of 
western corn rootworm. Use decreased to 2 million 
pounds annually by 1973 as rootworms became 
increasingly resistant to aldrin (5). Although use of 
aldrin was finally banned by the U.S. Environmental 
Protection Agency in 1975, this compound and its 


' This study was conducted by the lowa Cooperative Fishery Research Unit as 
part of Project 2225 of the lowa Agriculture and Home Economic Experiment 
Statior, Ames, Iowa. in cooperation with the lowa State Conservation 
Commission, lowa State University, and the Fish and Wildlife Service, U.S 
Department of the Interior 

? Minnesota Pollution Control Agency, Roseville, MN 55113 

* Utah Cooperative Fishery Research Unit, Logan, UT 84322 

* lowa State University, Ames, IA 50011 
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degradation products are still being detected in the 
aquatic environment. 


From 1971 to 1973, Kellogg and Bulkley (4, 5) studied 
seasonal dieldrin concentrations in river water, channel 
catfish (/ctalurus punctatus), and catfish-food organ- 
isms. During 1977 and 1978, Leung conducted another 
study of the Des Moines River (6), including the 
collection site used by Kellogg and Bulkley. In the 
present study, authors compare dieldrin levels in water 
and fish of the Des Moines River, Iowa, before and 
after banning of the parent compound, aldrin. 


Minnesota 


'b Stratford 


o Boone 


Saylorville Dam 
o Saylorville 


Des Moines CX 


@ Collection station 





Scale in miles 


FIGURE 1. Des Moines River watershed including common 
sampling site of Kellogg and Bulkley (5) and present study. 
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The common collection site of Kellogg and Bulkley (4, 
5) and the present authors is located near Boone, about 
426 km (265 miles) upstream from the mouth of the 
river. Drainage area of the stream above this point is 
about 14,530 km’ (5,610 square miles). Some calcula- 
tions on river flow and sediment load were based on 
data collected by the U.S. Geological Survey (//—/4) at 
Saylorville, lowa, 76 km downstream from Boone. 


Materials and Methods 


WATER 


From April through November, single 1-liter water 
samples were collected monthly during 1971, two 
l-liter samples were collected weekly or at 2-week 
intervals during 1972, three 2-liter samples were 
collected twice weekly or weekly during 1973 (5), and 
single 4-liter samples were collected weekly or at 
2-week intervals during 1978. In 1971, 1972, and 1973, 
samples were collected by submerging a clean glass 
container approximately 30 cm below the water surface 
and sealing it with a Teflon- or aluminum-foil-lined 
screw cap. The 1978 samples were similarly collected 
in a stainless steel sampling bucket and stored in amber 
reagent bottles sealed with Teflon-lined screw caps. 


Unfiltered samples were extracted twice with 60 ml of 
15% ethyl ether—hexane in 1971 and with 60 ml hexane 
in 1972 (1/5). Extracts were combined and concentrated 
to 1 ml in a Kuderna-Danish evaporator for quantita- 
tion. The 1973 and 1978 samples were filtered through 
pre-extracted Whatman No. 40 filter paper to separate 
the dissolved from the suspended fractions. The filter 
paper containing the suspended pesticides was Soxhlet- 
extracted with 300 ml acetonitrile for 18 hours. The 
pesticides were then partitioned into petroleum ether by 
adding 1,200—1,400 ml redistilled water and extracting 
with 180 ml petroleum ether. Florisil cleanup was 
applied on 1972 samples but not on 1978 samples. The 
samples were concentrated to | ml for quantitation, as 
described above. 


The dissolved fraction (filtrate) of the samples was 
analyzed for pesticide residues differently in 1973 than 
in 1978. In 1973, the filtrate was extracted twice with 
120 ml of 15% ethyl ether—hexane, followed by a third 
extraction with 150 ml hexane. The extracts were 
combined and concentrated to 1 ml for quantitation. 
Florisil cleanup was applied when necessary. In 1978, 
macroreticular resin, XAD-2, was used to extract 
dissolved pesticides (3). The filtrate was decanted into a 
5-liter glass reservoir and passed through a resin column 
by gravity at a flow rate of 20-30 ml/min. The 
pesticides were eluted from the column with 30 ml 
diethyl ether iniv a 60-ml separatory funnel. The first 
20-ml portion was collected and passed through the 
column again. Then a fresh 10-ml portion of ether was 
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passed through and combined with the original 20 ml. 
The water layer was drained from the separatory funnel 
and the final traces of water were removed from the 
eluate by adding 10-15 ml petroleum ether and 2-3 g 
anhydrous sodium sulfate. The mixture was shaken 
about 30 seconds aad the extract was transferred to a 
concentration flask. The sample was then concentrated 
to 1 ml for quantitation without further treatment. 


FISH 


Channel catfish were collected with gill nets and hoop 
nets and by electrofishing. The samples were grouped 
by collection data and total length. Samples of dorsal 
muscle tissue from individuals in the same group were 
ground, pooled, homogenized, wrapped in aluminum 
foil, and frozen until analysis. Tissues were analyzed by 
the method described in the Pesticide Analytical 
Manual of the U.S. Department of Health and Human 
Services (J0), with slight modification. After the 
samples were thawed, 20-65 g subsamples were 
extracted with 200-350 ml of 65% acetonitrile—water 
for 5—10 minutes in a 1-liter blender. The samples were 
filtered and transferred to a 1-liter separatory funnel, to 
which 100 ml petroleum ether, 600 ml water, and 10 ml 
saturated aqueous sodium chloride were added. The 
pesticides were partitioned into the organic layer by 
vigorously shaking 30-60 seconds. The aqueous layer 
was discarded and the petroleum ether layer was 
washed twice with 100 ml water. Interferences were 
removed by Florisil cleanup; additional charcoal 
cleanup was used in 1973. The elution was concentrated 
to 1-10 ml for quantitation. The wet weights of tissue 
samples were corrected for losses of the acetonitrile— 
water mixture and petroleum ether. Concentrations 
were expressed in nanograms of pesticide per gram of 
fish tissue (ppb) on a wet-weight basis. 


QUANTIFICATION 


Instrument parameters and operating conditions for 
quantification and confirmation were as follows: 
1971, 1972, and 1973 
Gas chromatograph: 


Detector: 
Columns: 


Beckman GC-5S 

discharge electron-capture 

packed with 5% OV-210, at 180°C 

packed with a mixture of 1.5% OV-17 and 1.95% 
QF, at 200°C 

Carrier gas: helium flowing at 100 ml/min 
1978 

Gas chromatograph: 
Detector: 

Columns: 


Tracor, Model 550 

®3Ni electron-capture, maintained at 340°C 
packed with 10% DC-200, at 210°C 

packed with a mixture of 4% OV-210 and 6% 
SE-130 at 210°C 


Carrier gas: nitrogen, flowing at 90-100 ml/min 


Values obtained were not corrected for percent recov- 
ery. Detection limits were approximately 10 ppt for 
water and 10 ppb for fish tissue. All analyses were 
conducted under the supervision of one of the authors, 
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John J. Richard, at tne Ames Laboratory, U.S. 
Department of Energy, lowa State University, Ames, 
lowa. 


Results 


Dieldrin is transported in rivers in two forms: dissolved 
in the water and adsorbed on suspended sediment and 
organic material. During the study period, combined 
(total) concentrations of dissolved and suspended 
dieldrin in the Des Moines River tended to be highest in 
June and July, although monthly differerwes were much 
less in 1973 and 1978 than earlier (Table 1). Kellogg 
and Bulkley (5) attributed this seasonal trend to 
application of aldrin to farmland during the April-May 
planting season and to spring rainfall. For the period 
May-October 1971-1973, mean combined dieldrin 
concentrations decreased 70% (from 30 to 9 ppt), 
whereas the difference between 1973 and 1978 concen- 
trations (9 vs. 7 ppt) was not statistically significant. 


TABLE 1. Monthly mean dieldrin concentrations in Des 
Moines River water near Boone, lowa 





% TOTAL IN 


MEAN CONCENTRATION, NG/LITER! DISSOLVED STATE 





MONTH 1971 1972 1973 1978 1973 1978 





May 10(1) 10(4) 8(7) 5(5) 74 61 
June 50( 1) 24(5) 10(8) 11(4) 63 46 
July 40(1) 23(2) 12(7) 8(3) 64 64 
August 30(1) 10(2) 6(6) 5(4) 67 43 
September 30(1) 10(1) 4(4) 8(4) 62 28 
October 20(1) 10(1) 3(3) 6(3) 60 18 


Mean 30 11 9 7 65 43 





NOTE: Number of measurements in parentheses 
1971-73 data from Kellogg (4) 


One apparent difference was that the percentage of 
dieldrin in the dissolved state decreased on the average 
from 65% in 1973 to 43% in 1978 (Table 1). The 
percentage was similar only in July of the 2 years 
(64%). Inasmuch as dieldrin is more readily available to 
aquatic organisms in the dissolved state, concentrations 
in dissolved and suspended states were examined for the 
2 years for which data were available (Table 2). 
Dissolved dieldrin levels were slightly lower each 
month (except November) in 1978 than in 1973, but 
differences were not statistically significant. 


Changes in pesticide residues in the aquatic habitat may 
also be compared on the basis of estimated amounts of 
the chemical being transported downriver. Estimates are 
based on concentrations in the dissolved and suspended 
States, stream flow, and sediment load. Mean stream 
flow on sampling days was lowest in 1971, the year 
when concentrations of total dieldrin were highest 
(Table 3). Flows in 1973 were the highest on the 
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TABLE 2. Monthly mean dissolved and suspended dieldrin 
concentrations in Des Moines River water near Boone, 
Iowa, 1973 and 1978 





1973! 1978 





CONCN, NG/LITER CONCN, NG/LITER 
No. OF No. OF 
MEASURE- DISSOLVED SUSPEND- MEASURE- DISSOLVED SUSPEND- 


, MONTH MENTS ED MENTS ED 





—wwhk DWAAN 


April 

May 

June 

July 
August 
September 
October 
November 


4 
5 


—-WhkAnWYN 
NN ww 
—UDwWwWwanw 


Overall mean 


an 
w 
= 





' Kellogg (4). 


TABLE 3. Mean daily stream flow and sediment 
load, Des Moines River, lowa—May to October, 1971-73, 
1978! 





MEAN DAILy STREAM FLOW 
M?/SEC 


MEAN SEDIMENT LOAD, MG/LITER 





MONTH 1971 1972, 1973 1978 1971 1972 1973 1978 





May 66.1 137.9 244.6 105.6 205 459 448 93 
June 110.9 116.4 175.1) 132.2 390 287 384 196 
July 97.9 83.6 92.5 161.1 300 275 377 256 
August 14.7 114.9 26.4 82.1 61 420 205 173 
September 5.7 42.3 44.2 35 212 245 334 
October 4.3 59.7 186.4 7 233 55 


Mean 49.9 92.5 128.2 166 314 336 184 





' 1971-73 data from Kellogg (4) and Kellogg and Bulkley (5) 


TABLE 4. Estimated transport of dieldrin in Des Moines 
River, lowa, 1971-73, 1978 





DIELDRIN, G/DAY 





MONTH 1972 197 





May 119 
June ] 242 
July f 166 
August ‘ 99 
September 36 
October 52 


Mean 5 119 





average for the 4 years of sampling. Stream flow for the 
6-month sampling period averaged 20.6 m’/scc higher, 
and mean sediment concentration averaged 152 mg/ 
liter greater, in 1973 than in 1978. Data summarized in 
Tables | and 2 were used to estimate dieldrin transport. 
Variation in daily amounts was greatest in 1971, when 
479 g/day was transported in June and only 7 g/day in 
October (Table 4). Variation was least in 1978, 35-126 
g/day. Mean daily transport decreased continuously 
from 1971 to 1978, from 156 to 70 g/day. Total amount 
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of dieldrin transported down river during the period 
May-October decreased rapidly from 1971 to 1973 and 
then leveled off (Figure 2). Rate of annual decrease was 
5 kg/year between 1971 and 1972, 6.5 kg/year between 
1972 and 1973, and only 0.5 kg/year from 1973 to 
1978. 


DIELDRIN(KG) 


_—— n 4 =" -_' eS | 4 
1971 1972 1973 1974 1975 1976 1977 1978 


FIGURE 2. Estimated amounts of dieldrin transported in the 


Des Moines River past Boone, lowa, May to October 
1971-78. 


Concentrations in muscle tissue of channel catfish were 
examined next to determine if dieldrin residues in fish 
had decreased. Comparisons of dieldrin in Des Moines 
River catfish were made on fish of similar length 
captured during the same season of the year (/). Under 
these restrictions, only data on catfish 201-300 mm in 
total length, collected from June to September, were 
compared (Table 5). Concentrations were higher in 
1973 than in 1971 in all months except June. Mean 
levels for the 4-month period were 43 ppb in 1971 and 
86 ppb in 1973. Comparison of data for July suggested 
a 39% reduction in concentration from 1973 to 1978. 


TABLE 5. Dieldrin concentrations in the muscle tissue of 
channel catfish 201-300 mm long from the Des Moines River 
near Boone, lowa, 1971, 1973, and 1978 





1971! 1973! 1978 





No. OF DIELDRIN, NO.OF DIELDRIN, NO.OF  DIELDRIN, 
MONTH FISH PPB FISH PPB FISH PPB 





June 9 33 2 — 
July 6 61 12 75 8 46 
August 4 35 12 133 — — 
September 3 44 12 113 — 


12 oie] 





' Data from Kellogg (4) and Kellogg and Bulkley (5) 
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Discussion 


It is not uncommon for pesticide residues in water to 
increase with rainfall and stream flow. Dieldrin 
concentrations might vary directly or inversely with 
flow in the Des Moines River (5). The amount of 
pesticide transported by any one storm depends on 
variables such as duration of storm runoff, antecedent 
soil/moisture, conditions, rainfall intensity, and the 
source of runoff in the watershed. During the study 
years, most lowa farmland was plowed in late fall so 
that the land was clear of vegetation in early spring 
when final preparations, including aldrin application, 
were made for planting. Heavy rains during the spring 
sometimes transport huge quantities of soil from the 
bare fields into the streams. Dieldrin concentrations 
may follow sediment and flow levels on these occa- 
sions. Over half the sediment in Iowa streams comes 
from sheet erosion of the land. Later in the growing 
season, when vegetation covers much of the soil and 
tends to trap sediments, a higher proportion of the 
suspended sediment resulting from rainfall may be due 
to sloughing of the river banks. Thus, dieldrin 
concentrations under these conditions may be unrelated 
to flow or suspended sediment levels. Timing of rainfall 
and runoff in relation to time of aldrin application also 
complicates the relationship between flow and dieldrin 
concentrations in river water. In our study we made 
monthly comparisons to depress day-to-day differences 
in dieldrin concentrations in water that resulted from 
these variables. 


Dieldrin concentrations in the Des Moines River 
decreased greatly from 1971 to 1973 but not significant- 
ly from 1973 to 1978. During July, concentrations in 
catfish muscle were lower in 1978 than in 1973, but the 
difference was less than that between monthly samples 
in 1973, and between several 1971 and 1973 samples. 
Inasmuch as dieldrin was banned in 1975, these data 
demonstrate the persistence of this compound in the 
environment. Our data suggest that dieldrin is still being 
washed into the river from croplands. Even after surface 
transport ceases, the long half-life of this chemical 
under certain environmental conditions indicates that it 
will be present in the river for some years. Nash and 
Woolson (7) reported that dieldrin in soils had a 
half-life of 8-10 years. In certain watersheds, dieldrin 
half-life was 4-9 years (8). Differences in analytical 
techniques used in the authors’ two studies could have 
resulted in an underestimate of the rate of decrease from 
1971 to 1978 because the later techniques used were 
presumably more accurate; however, considerable diel- 
drin was obviously still present in the river and in 
channel catfish in 1978. 
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DDT and BHC Residues in Some Body Tissues of Goats, Buffalo, and Chickens, Lucknow, India 


Bhupendra S. Kaphalia and Tejeshwar D. Seth' 


ABSTRACT 


Muscle, liver, brain, and abdominal body fat samples of 


goats, buffalo, and chickens, all common meat sources in 
India, were analyzed by gas-liquid chromatography (GLC) for 
residues of DDT and benzene hexachloride (BHC). A few 
samples of goat and buffalo bone marrow were also included. 
Relatively high residue levels were found in body fat and bone 
marrow compared with other tissues. DDT and BHC residue 
levels were highest in chicken body fat, averaging 4.157 ppm 
XDDT and 3.879 ppm BHC. DDT content was much higher in 
goat and buffalo bone marrow than in the corresponding body 
fat. DDT levels in brain samples were highest (0.138 ppm) in 
buffalo. p,p'-TDE levels were higher than p,p'-DDE levels in 
buffalo; overall DDT levels were lowest in goats. BHC 
residues were generally low in buffalo; a-BHC ‘accounted for 


most BHC residues in brain tissues. Greater accumulations of 


DDT and BHC were found in leg muscles than in breast 
muscles of chickens. 


Introduction 


Pesticide residues in animals and poultry killed to meet 
human food needs are an important source of human 
pesticide burdens. Pesticide residues in human foods, 
especially meat products, have been sufficiently 
documented in many countries (2, 4, 6, 8, /0). About 
half the observed pesticide residues in human diets are 
of animal origin (5, /3). High levels of pesticide 
residues have been detected in the meat or in food 
cooked in animal fat (/5) and about 35%-40% of the 
XDDT intake by humans has been through meat, fish, 
and poultry (7). Body fat of people abstaining from 
eating meat contained about half as much {DDT as fat 
from people in the general population (9). 


In a study conducted in India, four of 11 meat samples 
contained pesticide residues (/). However, information 
available on residues in India is scanty, although DDT 
and BHC are still used in large quantities. Thus, data on 
DDT and BHC residues in the tissues of goats, buffalo, 
and chickens, the common meat sources in India, are 
presented in this communication. 


' Industrial Toxicology Research Centre, Post Box 80, Mahatma Gandhi Marg, 
Lucknow 226001, India 
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Materials and Methods 


High-purity analytical reagent grade chemicals and 
solvents were used. Glassware was rinsed with acetone 
before use. 


COLLECTION OF SAMPLES 


Generally, breast muscle, liver, whole brain, and 
abdominal fat samples of goats, buffalo, and chickens 
were collected from slaughterhouses situated in and 
around the city of Lucknow. That city is the capital of 
the largest state, Uttar Pradesh, where 14% of the total 
livestock population of India is raised. A few samples 
of goat and buffalo bone marrow were also collected. 
Collected samples were placed in aluminum foil and 
frozen until analysis. Whole brain was mixed thorough- 
ly before being weighed for extraction. Analyses were 
performed within one week after collection of samples. 


EXTRACTION AND CLEANUP 


Homogenization of biological tissues in the presence of 
concentrated formic acid disrupts cell structure for 
efficient extraction of organochlorine pesticide residues 
in a suitable organic solvent (3). This technique is 
particularly convenient when a large number of 
biological samples must be analyzed. 


Finely minced 2-g samples of muscle, brain, and liver 
tissues were homogenized thoroughly with 7 ml formic 
acid and transferred to 50-ml conical flasks. The 
homogenizing tube and pestle were washed twice with 5 
ml portions of n-hexane which were then added to the 
conical flask. For body fat and bone marrow samples, | 
g of each was homogenized with 5 ml formic acid and 5 
ml n-hexane and transferred to a conical flask. Again, 
the homogenizing tube and pestle were washed twice 
with 5 ml portions of the solvent which were added to 
the conical flask. The contents were shaken in a 40°C 
shaker water bath for | hr. The solvent phase was 
withdrawn after centrifugation. The residue material 
was extracted again with 5 ml solvent, and the solvent 
extracts were combined. Fat in the extracts of body fat, 
bone marrow, and brain samples was removed by 
acetonitrile partitioning (//), and pesticide residues 
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were re-extracted in n-hexane solvent. The solvent 
phase was isolated and washed twice with glass- 
distilled water. Finally, the solvent phase was dried by 
passing it through an anhydrous sodium sulfate column 
into a round-bottom flask. The column was washed with 
10 ml solvent, the eluate was collected in the 
round-bottom flask, and the solvent phase was evapo- 
rated to dryness. The residue was then dissolved in 5 ml 
n-hexane and the solvent layer (2 ml) was mixed with 2 
ml! concentrated sulfuric acid. The solvent phase was 
recovered after centrifugation at 3000 rpm for 3 minutes 
and was transferred to clean glass-stoppered vials. 
Aliquots were passed through a silica gel column to 
check for PCB contamination (/2). Samples were 
analyzed by gas-liquid chromatography (GLC) with the 
following instrument parameters and operating condi- 
tions: 


Chromatograph 
Detector 
Column 


Varian Aerograph, Series 2400 

‘H electron-capture 

glass spiral, 6 ft long by -in. ID, packed with 
80-100-mesh Gas-Chrom Q coated with a mixture 
of 1.5% OV-17 and 1.95% OV-210 by weight 
injector 200 

detector 200 


column 180 


Temperatures, °C 


Carrier gas IOLAR-I grade nitrogen: purified by being passed 


through silica gel and a molecular sieve to remove 
moisture and oxygen, respectively; pressure, 65 
psi; flowing at 40 ml/min 


Residue peaks were confirmed by thin-layer chroma- 
tography (TLC), using reference standards obtained 
from PolyScience Corp., Niles, Illinois. Recoveries of 
isomers and metabolites of DDT and BHC ranged from 
70% to 89% from the fortified samples of liver, brain, 
muscles, and body fat. Sensitivity of the method was 
0.001 ppm for isomers of BHC, aldrin, and p,p’-DDE, 
and 0.002 ppm for p,p’-TDE and p,p’-DDT. 


Results and Discussion 


Widespread application of pesticides and spillage 


S 


TABLE | 


Residue levels of BHC and DDT in some body tissues of goats, Lucknow 


during their transportation or storage are the main 
sources of environmental contamination. Domestic 
animals and poultry have little chance for contact with 
industrial chemicals. However, their feed has been 
found to be a major source of DDT and BHC (/4), and 
domestic food animals and poultry are a major source of 
pesticide contamination of the human body. 


DDT and BHC residues found in goats, buffalo, and 
chickens are presented in Tables 1, 2, and 3, 
respectively. Table 4 shows the relative accumulation 
of pesticide residues in chicken leg and breast muscles. 
BHC, lindane (y-BHC), p,p’-DDE, p,p'-TDE, o,p’- 
DDT, and p,p’-DDT were determined in the present 
study. Results are expressed on a whole-tissue, wet- 
weight basis and are not corrected for recovery. 


GOATS 

All goat tissues contained DDT residues except 
o,p'-DDT which was not detected in bone marrow, 
body fat, or liver tissues. Average levels of SDDT in 
specific tissues were 0.577 ppm in bone marrow, 0.193 
ppm in body fat, 0.053 ppm in liver, 0.019 ppm in 
brain, and 0.020 ppm in muscle. Generally, among 
DDT residues, p,p’-DDE was found in the greatest 
quantity. Average BHC and lindane levels were 0.536 
ppm and 0.134 ppm in body fat and 0.203 ppm and 
0.063 ppm in bone marrow samples, respectively. BHC 
residue levels were lowest in muscle tissue, but higher 
in brain than in liver tissues. 


BUFFALO 

DDT residues were detected generally in all buffalo 
tissues. o,p'-DDT was detected only in muscle tissues. 
Of the DDT residues, p,p’-TDE residues were highest 
and were detected in all body tissues. 


The average levels of 2DDT in specific tissues were: 
3.009 ppm in bone marrow, 1.043 ppm in body fat, 


, India 





ES, PPM WET WEIGHT 





Tissut BHC 


LINDANE 


p.p’-DDE p.P’-TDE o.P’DDT P.P’-DDT {DDT 





Muscle (24) Range 
Mean + SE 


Tissues with re 


0.003-—0.007 
0.005 + 0.001 
(24) 


0.010—-0.034 
0.018 + 0.002 
(24) 


sidues 


Brain (14) Range 
Mean + SE 


with residues 
Range 
Mean + SE 


with residues 


0.008-0.018 
0.010 0.001 
(14) 


0.033-0.115 
0.068 + 0.007 
(14) 


Tissues 


Liver (18) 0.006—-0.014 
0.009 + 0.001 


(18) 


0.020—0.067 
0.032 + 0.002 
Tissues (18) 


Body fat (16) Range 
Mean + SE 


with residues 


0.0540 .347 
0.134+0.024 
(16) 


0.146—1.522 
0.536 + 0.100 
Tissues (16) 
Bone marrow (8) Range 
Mean + SE 
Tissues with residues 


0.036—0. 123 
0.063 + 0.013 
(8) 


0.114-0.470 
0.203 + 0.044 
(8) 


0.001-0.003 


0.002 + 0.001 


0.002-0.005 ND-0.011 0.002-0.039 
0.006 + 0.001 0.008 + 0.001 


24) 24) 22) (24) 


0.008—0.045 


0.002 + 0.001 0.020+0.003 
(24) 
0.002-0.008 0.003-0.013 ND-0.003 
0.001 + 0.001 


(14 14) 3) 


ND-O.015 
0.007 + 0.001 
13) 


0.013-—0.027 


0.004 + 0.001 0.005 + 0.001 0.019+0.001 


(14) 
0.002-0.115 
0.028 + 0.001 


0.004—0 .039 
0.013 
(18) 18) (1) 


0.003 ND-0.015 
0.007 + 0.001 


(17) 


0.009-0.190 
0.053 +0.011 
(18) 


+ 0.002 


0.017-0.467 
0.093 + 
(16) 


0.006-0.420 
0.056 + 


0.006—0.097 
0.027 + 0.006 
(16) 


0.039-1.014 
0.193 + 0.061 
(16) 


0.029 0.026 


16) 
0.093-—1.806 
0.358 + 


0.025-—0.294 
0.065 + 
(8) (8) 


0.023-0.476 
0.106 + 0.055 
(8) 


0.169-2.816 
0.577 + 0.320 
(8) 


0.207 0.032 





NOTE: Number in first column indicates number of samples analyzed; SE = standard error; ND 
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not detected 
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TABLE 2. Residue levels of BHC and DDT in some body tissues of buffalo, Lucknow, India 





RESIDUES, PPM WET WEIGHT 
TISSUE LINDANE BHC p.p’-DDE p.P’-TDE o.P'DDT p.p’-DDT DDT 


Muscle (22) Range 0.001-0.015 0.006-0.029 0.001-0.011 0.002-0.045 0.002-0.008 0.002-0.023 0.011-0.081 
Mean + SE 0.004 + 0.001 0.012 + 0.002 0.005 + 0.001 0.011 +0.001 0.003 + 0.001 0.006 + 0.002 0.028 + 0.006 
Tissues with residues (22) (22) (22) (22) (22) (22) (22) 


Brain (16) Range 0.007-0.016 0.024—0.117 0.009-0.071 0.009-0.054 ND 0.007-0.078 0.027-0.211 
Mean + SE 0.012 +0.001 0.076 + 0.006 0.047 + 0.004 0.038 + 0.003 0.044 + 0.004 0.138 +0.012 
Tissues with residues (16) (16) (16) (16) (16) (16) 


Liver (17) Range 0.005-0.022 0.020-0.090 0.011-0.478 0.024—0.285 0.002-0.107 0.043-0.635 
Mean + SE 0.012 +0.001 0.038 + 0.004 0.074 + 0.027 0.094 + 0.019 0.018 + 0.007 0.205 + 0.045 
Tissues with residues (17) (17) (17) (17) (17) (17) 








Body fat (17) Range 0.011-0.209 0.039-0.485 0.036-0.587 0.049-1.414 0.021-0.920 0.116-3.143 
Mean + SE 0.058 + 0.011 0.165 + 0.027 0.284 + 0.041 0.490 + 0.086 0.183 + 0.055 1.043 + 0.181 
Tissues with residues (17) (17) (17) (17) (17) (17) 


Bone marrow (5) Range 0.041-0.198 0.123-0.366 0.135-1.544 0.165-2.605 0.019-1.718 0.337-5.038 


Mean + SE 0.121 +0.033 0.252 + 0.52 0.773 + 0.246 1.289 + 0.446 0.720 + 0.351 3.009 + 0.985 
Tissues with residues (5) (5) (5) (5) (5) (5) 





NOTE: See note, Table 1 


TABLE 3. Residue levels of BHC and DDT in some body tissues of chickens, Lucknow, India 





RESIDUES, PPM WET WEIGHT 





TISSUE LINDANE BHC p.p’-DDE p.P’-TDE o.p' DDT p.P’-DDT DDT 





Muscle (10) Range 0.002-0.037 0.014-0.243 0.007-0.251 0.002-0.021 0.002-0. 107 0.010-0.366 
Mean + SE 0.017 + 0.003 0.109 + 0.024 0.090 + 0.024 0.007 + 0.002 ND 0.030 + 0.010 0.138 + 0.030 
Tissues with residues (10) (10) (10) (10) (10) (10) 


Brain (19) Range 0.012-0.051 0.108-0.230 0.009-0.052 0.002-0.505 ND-0.024 ND-0.022 0.022-0.121 
Mean + SE 0.027 + 0.002 0.162 + 0.007 0.022 + 0.003 0.038 + 0.002 0.005 + 0.001 0.011 + 0.002 0.082 + 0.006 
Tissues with residues (19) (19) (19) (19) (10) (16) (19) 


Liver (20) Range 0.004-0.091 0.040-0.445 0.039-0.537 0.047-0.447 ND-0.130 ND-0.130 0.134—1.447 
Mean + SE 0.049 + 0.004 0.195 + 0.018 0.253 + 0.025 0.170 + 0.023 0.040 + 0.013 0.025 + 0.006 0.535 + 0.068 
Tissues with residues (20) (20) (20) (20) (18) (18) (20) 


Body fat (22) Range 0.2844. 150 0.819-14.104 0.095-10.939 0.043-6.372 ND ND-3.200 0.480-20.832 


Mean + SE 1.217+0.188 3.879 + 0.580 2.377 + 0.586 0.778 + 0.306 0.644 + 0.301 4.157 + 1.027 
Tissues with residues (22) (22) (22) (22) (20) (22) 





NOTE: See note, Table | 


TABLE 4. Relative accumulation of BHC and DDT residues in chicken leg and breast muscle, Lucknow, India 





RESIDUES, PPM WET WEIGHT 





SAMPLE LINDANE BHC p.p’-DDE p.p'-TDE p.P’DDT XDDT 





Chicken A Leg 0.036 0.243 0.251 0.016 0.068 0.366 
Breast 0.018 0.132 0.117 0.005 0.019 0.154 
Chicken B Leg 0.037 0.216 0.170 0.021 0.107 0.326 
Breast 0.019 0.177 0.062 0.004 0.011 0.084 
Chicken C Leg 0.007 0.034 0.063 0.008 0.031 0.110 
Breast 0.002 0.014 0.018 0.003 0.008 0.031 





0.205 ppm in liver, 0.138 ppm in brain, and 0.028 ppm __—p,p’-DDT were detected in chicken body fat. 2DDT 
in muscle. BHC levels were 0.252, 0.165, 0.038, averages in specific tissues were 4.157 ppm in body fat, 
0.076, and 0.012 ppm in the respective tissues. 0.535 ppm in liver, 0.138 ppm in muscle, and 0.082 
Relatively high levels of lindane which accounted for ppm in brain. All chicken body tissues contained 
about half of the total BHC residues were detected in _—p,p’-DDE and p,p’-TDE residues. p,p'-DDE accounted 
bone marrow samples. Mean values of lindane were for most of the DDT residues except in brain samples, 
comparable in liver and brain samples. where p,p'-TDE was highest. o,p'-DDT was not 
detected in muscle and body fat samples. 

CHICKENS 

DDT residues as high as 20.832 ppm DDT, 10.939 — BHC residues were also detected in all chicken tissues. 
ppm p,p'-DDE, 6.372 ppm p,p'-TDE, and 3.2 ppm _ Average levels were comparable to DDT levels in the 
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body fat, brain, and muscles. In chicken body fat 
samples, total BHC varied from 0.819 to 14.104 ppm 
and lindane varied from 0.284 to 4.15 ppm. The 
accumulation of organochlorine pesticide residues 
(Table 4) was always higher in leg muscle than in breast 
muscle. 


Conclusion 


Accumulation of persistent organochlorine pesticide 
residues in the body and their in vitro biotransformation 
varies from species to species. Various environmental 
factors and dietary habits of individual species are also 
involved in bioaccumulation and biodegradation of the 
residues. Buffalo brain contained highest DDT residues 
in brain, although overall DDT contamination was 
highest in chickens. DDT concentration was always 
higher in goat and buffalo bone marrow than in body 
fat. In general, p,p'-DDE was the major metabolite 
found in biological tissues, but p,p’-TDE was the major 
metabolite in buffalo body tissues and accounted for 
nearly 40%-S50% of XDDT. The levels of p,p’-TDE 
were also higher than p,p’-DDE levels in chicken brain 
tissue. The accumulation of residues was always higher 
in leg muscle than in the breast muscle of chickens. 
DDT levels were found in the following order of 
increasing concentration: goat<buffalo<chicken. Total 
BHC levels were also higher in chicken than in the 
other food animals, and a-BHC accounted for the major 
amount of total BHC in their brain tissues. 
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APPENDIX 


Chemical Names of Compounds Discussed in This Issue 





ALDRIN 

AROCLOR 1242 
AROCLOR 1246 
AROCLOR 1260 

BHC (Benzene Hexachloride) 
CHLORDANE 

DDE 

DDMU 


DDT 


DICOFOL 

DIELDRIN 

ENDRIN 

HCB 

HEPTACHLOR EPOXIDE 
LINDANE 

MIREX 

NONACHLOR 
OXYCHLORDANE 

PBBs (Polybrominated Biphenyls) 
PCBs (Polychlorinated Biphenyls) 
PCSs (Polychlorinated Styrenes) 
TDE 


TOXAPHENE 


Hexachlorohexahydro-endo, exo-dimethanonaphthalene 95% and related compounds 5% 
PCB, approximately 42% chlorine 

PCB, approximately 46% chlorine 

PCB, approximately 60% chlorine 

1,2,3,4,5,6-Hexachlorocyclohexane (mixture of isomers) 

Technical: 60% octachloro-4,7-methanotetrahydroindane and 40% related compounds 
Dichlorodiphenyldichloroethylene (degradation product of DDT) 
1-Chloro-2,2-bis(p-chloropheny]) ethylene 


Dichloro dipheny! trichloroethane. Principal isomer present (p,p'-DDT; not less than 70%): 1,1,1-trichloro-2,2-bis(p- 
chloropheny])ethane 


Hexachloroepox yoctahydro-endo, exo-dimethanonaphthalene 85% and related compounds 15% 
Hexachloroepoxyoctahydro-endo, endo-dimethanonaphthalene 

Hexachlorobenzene 

1,4,5,6,7,8,8 -Heptachloro -2,3 - epoxy -3a,4,7,7a-tetrahydro-4,7-methanoindan 

Gamma isomer of benzene hexachloride (BHC) 

Dodecachlorooctahydro -1 ,.3,4- metheno-1H-cyclobuta[cdjpentalene 

1,2,3,4,5,6,7,8,8-Nonachloro -3a,4,7,7a-tetrahydro -4,7-methanoindan 

|-exo-2-endo-4,5 6,7 .8,8a-Octachloro2.3-exo-epoxy-2.3,3a,4,7,7a-hexahydro-4 ,7-methanoindene 
Mixtures of brominated biphenyl compounds having various percentages of bromine 

Mixtures of chlorinated biphenyl compounds having various percentages of chlorine 

Mixtures of chlorinated styrenes having various percentages of chlorine 

Dichloro dipheny! dichloroethane (1 ,1-dichloro-2,2-bis(p-chlorophenyl)ethane, principal component) 


Technical chlorinated camphene (67-69% chlorine) 
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The 34th International Symposium on Crop Protection will take place on May 4, 
1982, at the Faculty of Agricultural Sciences, State University, Gent, Belgium. 

The proceedings of the syinposium will be published in Meded. Fac. Landbouwwet. 
Ryksuniv. 

Summaries of the papers will be made available in English to participants. 


All correspondence should be sent to: 


Secretary, Faculteit 

Van de Landbouwwetenschappen 
Coupure Links 533 

B-9000, Gent, Belgie 


The Rocky Mountain Center for Occupational and Environmental Health at the 
University of Utah announces the availability of “Industrial Hygiene Chemistry (NIOSH 
590),” at the University of Utah, Salt Lake City, on November 16-20, 1981. The tuition 
is $500. 

For further information: 


RMCOEH 

Ms. K. Blosch 

University of Utah, Bldg. 112 
Salt Lake City, UT 84112 
(801) 581-5710 
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The Administrator of the U.S. Environmental Protection Agency has determined 
that the publication of this periodical is necessary in the transaction of public 
business required by law of this Agency. Use of funds for printing this publication 
approved by the Director of the Office of Management and Budget, May 19, 1976. 


ORDER BLANK To: Superintendent of Documents 
FOR PMJ Government Printing Office 
Washington, D.C. 20402 


Please enter my Subscription for Pesticides Monitoring Journal. I am enclosing 
Money Order [] Check [J for this subscription. ($7.90 a year; $2.00 additional 
for foreign mailing) 


Please address the PMJ as follows: 


UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON, D. C. 1967 


For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, D. C. 20402 
Subscription price $7.90 a year, $2.00 additional for foreign mailing. Price for a single copy of this 
issue is $2.00. 





United States Postage and 
Environmental Protection Fees paid 
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Washington DC 20460 Protection 
Agency 
EPA 335 





Official Business Third-Class 
Penalty for Private Use $300 Bulk Rate 





If you do not desire to continue receiving this publication, please CHECK HERE [1]; 
cut off this label and return it to the above address. Your name will be removed 
from the mailing list 
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